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ABSTRACT 

In this report the National science Board presents 
the first results from a newly initiated effort to develop indicators 
of the state of the scientific enterprise in the Unite States- The 
ultimate 9oal of this effort is a set of indices which will reveal 
the strengths and weaknesses of U.S. science ^nd technology, in tens 
of the capacity and performance of the enterprise in contributing to 
national objectives* Indicators in this report deal with facets of 
the entire scientific endeavor, as well as certain aspects of 
technology* They range from measures of basic research activity and 
industrial research and develop aent, through indices of scientific 
and engineering personnel and institutional capabilities, to 
indicators of productivity and the D*S* balance of trade in 
high-technology products* In addition to graphically presenting the 
indicators, the report also provides results from opinion and 
attitude surveys of topics related to the state of science* The first 
of these is a Delphi survey of the judgments and opinions of a wide 
cross*section of the scientific and technological community, and the 
second surveys the attitudes of the public towa rd science and 
technology- (Author/OR) 
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Letter of Transmittal 



My Doar Mr. President: 

I have the honor of transmitting to you, and through you to the Congress, 
the Fifth Annual Report of the National Science Board. The Report is 
submitted in accordance with Section of the National Science Foundation 
Act as amended by Public Law 90-407. 

In this Report the National Science Board presents the first results from a 
newly initiated effort to develop indicators of the state of the science enterprise 
in the United States^ The ukimate goal of this effort is a set of indices which 
would reveal the stren>;ths and weaknesses of U.S. science and technology, in 
terms of the capacity and performance of the enterprise in contributing^ to 
national objectives. If such indicators can be developed over the coming years, 
they should assist u\ improving tht? allocation and management of resources 
for science and technology, and in giiiding the Nation's research and 
development ak ng paths most rewarding for our society. 

BeCi^^uSe of present limitations in data and methodology, the indicators in 
this Report deal principally with resources— funds, rranpowen and equip- 
ment — for research and development and the areas to which the resources are 
directed. The Report presents relatively few measures of the outpuls produced 
from these resources — the scientific advances and technological achievements, 
and th eir contributions to the prog res ?^ and welfare of the Nation. The present 
paucity of such indices limits the conclusions which can be drawn concerning 
the quality and effectiveness of oiir scientific and technological erfort. 

The Report represents only an initial step toward a :system of science 
indicators. The further development of such indicators is a matter of high 
priority for future reports in this series. 



Respectfully yours, 




H. Carter 

Chairman, National Science Board 



The Honorable 

The President of the United States 
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Introduction 



The N<itioniil Science Bcvird is chtir>>cd by the 
Cnnpress with prt>viding *in annual report of the 
state of science in the United Sf;»tci>.' Jn ity first 
four reports, the Bnard dealt with selected 
;»spects of this subject, but with this, the fifth 
report, the Btiard begins the development of j 
system of indic<3tnrs for describing the state ?f 
the entire scientific endeavor. These indicators, 
expanded and refined in the coming years, are in- 
tended to measure and monitor U.S. science—to 
identify strengths and weaknesses nf the enter- 
prise iind to chtirt its changing stale. 

Such indicators, updated annually, should 
provide an early warning of events and trends 
which might reduce the capacity of science^and 
subsequently technology — to meet the needs of 
the Niition.The indicators should assist also in 
setting priorities for the enterprise, in allocat- 
ing resources for its functions, and in guiding it 
toward needed change and new opportunities, 

A system of science indicators which would 
fulfill these several purposes must include 
indices of both intrinsic and extrinsic aspects of 
the enterprise. Intrinsic measures would include 
the resources used for science; the condition of 
institutions involved in training, research, and 
technical innovation; quantity and quality of 
associated human resources; and advances in 
science. Extrinsic indices center around the 
application of scientific knowledge, and thr tech- 
nology it fosters, to the achievement of n.itiona! 
goals — in areas such as health, energy, environ- 
ment, defense, productivity, and foreign 
trade — and the consequent impactfi on thai 
elusive entity, the ''quality of life/' Measures of 
these extrinsic aspects are particulaily difficult 
to devise; the translation of science into tech- 
nology/ the diverse applications of the two, and 
their myriad impacts are all intert*vined with in- 
numerable economic and social variables. 

The realization of such a system of indi- 
cators — or even one which is less comprehen- 
sive — will be a difficult and long task, requiring 

□ investigation of many potential indices, 

□ expansion of the underlying data base, 
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□ improvement of methods for riioasiiriiig 
the impacts of science and technology, 

□ experience in interpreting the indi^ t s, and 

□ demonstration of their utility. 



In view of these problems and uncerlaintit 
the effort to develop indicators is regarded as an 
experiment — a long-term experiment to 
determine if a useful system of indices can be 
devised in the years ahead. A central concept of 
the experiment lii an evolving set of indicatois. 
derived from the continuing exploration, refine- 
ment, and testing of prospective indices. The set 
will be expanded, refined, and updated annually, 
as new data become f^vailable and as the enter- 
prise itself changes. Throughout, the criteritm of 
"usefulness'' will be used to judg the value of 
individual indices, and to gauge the success of 
the experiment as it unfolds. 

Quantitative indicators, no matter how use- 
ful, are not a substitute for the experience and 
judgment of the scientific community. Indices, at 
their best, can only supplement this experience 
and judgment. Indeed, the interpre tation of indi- 
cators—what they mean for the present and 
future healt). of the enterprise—ret^uires the 
judgment of this community. 

The Report 

Indicators in this report deal with facets of the 
entire scientific endeavor, as well as certain 
aspects of technolrgy. They range from meas- 
ures of basic research activity and industrial 
R&D, through indices of scientific and engi- 
neering personnel and institutional capabilities, 
to indicators of productivity and the U.S. balance 
of trade in high-technology products. Such a 
broad range of indices was included in the initial 
step of the experiment in order (a) to explore the 
scope of the effort involved in developing ^ 
relatively comprehensive system of indicators, 
(b) to identify gaps in the data base, and (c) to 
select specific areas for focused efforts in the 
future. 

While many potential indices were conceived 
for future development and a number of new 
concepts and even new data collections were 
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inltjcitrci the iU'UJdl jndkdtors in tht' rvport were 
biiseJ Kir>;cly on rendily tivailiiblo d^tt^. As n 
result, ihv indices de^il print ipdlly with re- 
sourics — funds jnd personnel — for R&Dh the 
disripliniiry and funetioiial areas to whit li the re- 
sources are directed, and the insHtiUicMis which 
carry out the teaching; and research functions. 
Relatively few output measures of either an in- 
trinsic or extrinsic nature are presented, because 
o( the limited data available and thodt>k>^kal 
problems of separating the distinct contribu- 
hon^ of science and teehnt>!ogy froin tln>se c^f 
other factors. Furthermore, the few such indi- 
cators which arp presented (eg,, ijiiantity and 
quality of scientifie publications, patent outputn 
and trade in technical knou^ledj;e) are sub|ect to 
considerable uncertainty as to valid interpreta- 
tion and sij;nificance. These deficiencies limit the 
cuncKiSions which can be drawn *"e^ardrng the 
performance and contributio-is of the enter- 
prise. 



The first five chapteis of the report pres^ent 
the initial set of indicators. The indices, 
wherever possible, are time series, usually ex- 
tending; from the early WoOs throu>;h 1^71. 
Indicators are presented in j;raphical form and 
numbered so as to correspond with the 
numerical data tables in Appendix A. Preceding; 



each of thcije chapters is an "nidicdtor hij;f"- 
lij;hts" secticin which briefly summari/es ttie 
major indices presented in the chapter. These 
sections, it should be noted, often omit 
important caveats and discussion contained in 
the full text. 

The last two chapters present results from 
opinion and attitude surveys of topics related tu 
the state of science, which are not amenable to 
purely quantitative treatment. The first of these 
is a Delphi survey of the judgments and opinions 
of a wide truss section of the scientific and tech- 
nological community; the topics covered include 
the future roleof science and technology in areas 
of high public concern, impacts of reeenf R&D 
funding changes, and basic research and criteria 
for allocating resources among scientific fields. 
The second is a survey of attitudes of the public 
toward science and techni>logy; topics covered in 
the survey include the public regard for science 
and technologyn their assessment of its impacts, 
and their desires for its future use in coping with 
national problems. 

The task initiated with this report is 
ambitious; the present effort clearly represents 
only a beginning. The reports to follow in this 
series will aim to improve the concepts, refine 
the treatment, and expand the scope to include 
other facets of science and technology. 
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International Position 
of U.S. Science and Technology 



International Position 
of U.S. Science and Technology 



This chapter compares the position and porfnrmiinrL^ of siionct* ard teclinolo^y in the United 
States with that of t'thcr major R^D-perfornnin^ nations/ through a variety of inc Mtors. These 
incliidc comparative indices of the level of KkD. in terms of expenditures for such activity and the 
number of scientists J nd engineers involved: results of R&D, as measured by the oiitpiit of scientific 
reports and patents for new product;; ^ind processes; and national performative in areas dependent upt>n 
science and technology, such tis technical knowledge, productivity, and international trade. 

International comparisons jre confined to general trends and to relative rather than absolute 
indicatorSx because of the paucity and limited quality of available information. This applies with 
part.cular force to comparisons involving the U,3.S.R. where definitions of R^tD and scientific 
personnel often differ from those of other coitntries. 

Specific indicators must be interpreted with considerable caution. Iridices of the level of R<ScD can 
be misleading because the costs of &uch activities. *ind differences in the t^rodiictivity and functions of 
scientists and engineers, cannot yet be equated for the various countries. The output indices of 
scientific reports and patents reflect only a small P'^rt of the total outpu! of science <*nd technology/ 
whereas the last group of indicators— those dealing with technical krowledgen productivity, and 
international trade— include the effects of many factors, st^ience and technology being only one of 
them. 



INDICATOR HIGHLIGHTS 



The proportion of the gross national product 
(GNP) spent for research and development 
(R&D) between 1963-71 declined in the 
United States/ France, and the United King- 
dom but increased in t:; ~ Union of Soviet 
Socialist Republics (U.S.S.R), Japan, and 
West Germany. By 1971, U.S. expenditures 
for R&D were 2.6 percent of GNP, as 
compared with estimated 3.0 percent for 
the U.S.S.R., approximately 2.0 percent for 
the United Kingdom and WestGermany, and 
1.8 percent for both Japan and France. 

The number of scientists and engineeers 
engaged in R&D per 10,000 population de- 
clined in the United States after 1969 but 
continued to increase in the U.S.S.R., Japan, 
West Germany, and France, with the result 
that by 1971 the number per 10,000 popula- 
tion for the U,S,S.R. was 37 as compared 
with 25 for the United States and Japan, 15 
for West Germany, and 12 for France, 

All countries included in the comparisons 
significantly reduced the proportion of their 
government R&D expenditures for national 



defense between 1961 and 1969, with such 
expenditures in the United States dropping 
from 65 to 49 percent of total government 
R&D spending. Increases in the United 
States and most other countries occurred in 
the areas of space, community services, and 
economic development. 

□ In seven of eight scientific areas studied^) the 
United States produces a larger share of the 
world's scientific and technical literature 
than any of the other major developed coun- 
tries; the U.S. share remained essentially un- 
changed between 1965-71, 

□ Literature produced by the United States is 
more frequently cited than that produced by 
other' countries in all the scientific areas 
studied/ with ihe exception of systematic 
biobgy and mathematics where the United 
Kingdom stands first. 



' The ^reas were physics and geophysics; chemistry and 
metallurgy; molecular biology; systematic biology; mathe- 
matics; engineering; psychology; and economics > 



□ The United States had a favorable bi't declin- 
ing "patent balance" (patents of United 
States versus foreign origin awarded in each 
country) between 1966 and 1970; the de- 
cline was due to a reduced number of patents 
of U.S. origin in France, West Germany, and 
the United Kingdom, combined with 
increased U.Sr patents of Japanese origin. 

□ Starting from a higher base, increases in 
labor productivity in U.S. manufacturing 
industries between 1 960-71 were the lowest 
of all countries — 39 percent — compared with 
210 percent for Japan, 86 percent for West 
Germany, 81 percent for France, and 50 per- 
cent for the United Kingdom. Productivity 
gains in the United States offset increased 
labor costs until the mid-1 960's, but rose less 
rapidly than such costs during the 1966-71 
period. 

□ The United States had an increasingl> 
favorable position in the sale of "technical 
know-how" — patents, techniques, formulas, 
franchises, and manufacturing rights — dur- 
ing 1960-71; Japan was the major purchaser 



of U.S. "know-how," surpassing all of 
Western Europe after 1967. 

□ The favorable U.S, balance of trade in tech- 
nology^intensive products grew throughout 
1960-71, but was increasingly negative in 
nontechnology-intensive are.T^ 

D Within the tech ^lology-intensive areas, prod- 
ucts with the fasi'^st rising trade surplus are 
aircraft, computers, and plastics. Product 
areas in which the growth of imports ex- 
ceeds exports include office machinery, 
chemical elements and compounds, medicinal 
products, and telecommunication apparatus. 

□ The favorable trade balance of the United 
States in h\^h technology products rested 
primarily on ^ ^ .l-s by developing nations 
{55 percent I97l) and countries of 
Western Eur A deficit balance with 
Japan, de^^^^ d in the inid-1960's and con- 
tinuing [ nw through 1971, exists in elec- 
trical rn u^mery, scientific and professional 
instnrnu m^, and nonelectrical machinery. 



■ The basis chosen for appraisal of U.S. science 
and technology in this chapter is an inter- 
national one, where the position of the United 
States is compared with that of other developed 
countries, particularly the major R&D-per- 
formin^ OECD (Organisation for Economic 
Cooperation and Development) member 
nations,- For reasons cited previously, compari- 
sons are usually restricted to measur<'s of rela- 
tive magnitude and to general trends 

LEVEL OF RESEARCH AND 
DEVELOPMENT 

The principal indicators of the level of a 
nation's R&D effort are the expenditures and 
manpower devoted to such activities. The 
general objectives of such efforts, in turn, are 
suggested by the specific areas (e.g,, defense, 
space, and economic development) to which 
these resources are directed. 



^ The U.S.SkR. is inc/uded in th*? tUmp^risons wherever 
the available data pt*rmiL Limited data and differences in 
definitions restrict iht comparisons which can be m<ide. 



Expenditures for R&D 

Figure 1 presents expenditures for R&D as a 
percentage of gross national product for the six 
major R&D-performing countries included in 
the study. The United States, as well as France 
and the United Kingdom, show a declining ratio, 
as compared with increases for the U.S.S.R., 
Japan, and West Germany. Over the 1963-71 
period (the only years for which data are avail- 
able or can be estimated for all countries), the 
United States exhibits the largest reductions, the 
U.S.S.R, and Japan the largest increases, 

R&D Manpower 

Another indicator of the level of a country's 
R&D effort is the magnitude of the manpower 
(scientists and engineer; ) it devotes to these 
activities. This indicator ihould be regarded as 
only an approximation of the true level of R&D 
in that it fails to account for certain national dif- 
ferences, such as the designation and training of 
scientists, engineers, and technicians, and the 
quality of the research equipment available. 



Figure 1 

R&D Expenditures as a Percent of 

Gross National Product, by Country, 1963-71 
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These differences also enter info determining 
the effedii^e R&D level- 

The number of scientists and engineers 
engaged in R&D per lOyCOO population in the 
United btatesy Franre. West Germany, Japan^ 
and the U.S.S,R. is shown in figure 2 (Data for 
the Unitfed Kingdom are not available.) Taking 
the limitations noted above into consideration, 
thes^e trends indicate that the U.S.S.R. sur- 
passed the United States after 1967 in the 
proportion of its population employed in R&D, 



and that Japan had almost reached tiu^samr Irvfl 
as the Unitt^d States by 1*^71, Mor^-over. of the 
five countries compared, only UniirJ State's 
had a declining ratio of scientists and cngin^-^-rs 
engaged in R&D. 

Government-Funded Research & Development 

Governments fund R&O in the [Hirsuit of 
national objectives in various arc.is. such as 
national defense, economic deveIo].^nu'nt. ami 
space. The disfribution of funding amon^ thei^v 
objectives reflects n.Uional priorities wherra*> 
significant changes in thedisfribution often indi- 
cate shifts in national concern^. Goveriiment 
expenditures for R&D. however, represent only 
a part of the total national investment in R&!^; 
expenditures by the private sector must ^ilso be 
taken into account for international compari- 
sons. 



The OECD has attempted to classify govern- 
ment expenditures for R&D into the following 
six areas: 

Natiotwi Defense, encompassing military- 
oriented R&D as well as space and nuclear 
energy activities of a military character; 

Sfmre Explorfitioti^ restricted to space R&D activi- 
ties of a civil nature; 

Nuclenr Energy, restricted to nuclear energy 
R&D activities of a civil natu/e; 

Econontic DeveloptnnU. including R&D in agricul- 
ture, fishing, and forestry, in mining ?id 
manufaauring industries, as well as service 
sectors such as public works, public trans- 
portation, communications, and construc- 
tion, 

Cotnmutiiiy Servkeii, including R&D in health, 
the environment, public welfare (educa- 
tion, social services, planningi recreation, 
and culture)y disaJter prevention, law and 
order, meteorologyy planning, and statistics; 

Afivancemenf of Sdence* including government- 
funded research in universitiesy both 
separately budgeted research as well as 
research from the general funds of universi- 
ties provided by the government. 



Figure 2 

Scientists and Engineers Engaged in R&o 
per 10,000 Population, by Country, 1963*71 
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four Countries, while the miijor increiises. al- 
though differing froni country to country, were 
in space, economic development and the 
advancement of science. (Expenditures for the 
latter area are difficult to compare from country 
to country because of different government 
practices in the funding of university research^ 
som€ governments provide support for such 
research through general grants to universities, 
whereas others — such as the United 
States— provide much of their support through 
mission-oriented agencies for specific research 
projects.) 



RESULTS OF RESEARCH AND 
DEVELOPMENT 

There are certain relatively direct results of 
R&D which provide indicators for comparing 
the scientific and technical performance or 
nations. Primary among these are reports o^ 
research published in scientific and technical 
journals, citations of reports from these jour- 
nals, and patents for new products and proc- 
esses. These provide measures of certain aspects 
of the output of the scientific-technological 
enterprise. Journal reports are produced 
primarily^ but not exclusivelyy by the scientific 
portion of the enterprise as the result of 
research^ both basic and applied, while new 
products and processes leading to patents are 
produced principally by industrial firms and 
inventors as the result of applied research and 
development. 



The distribution of total government expendi- 
tures for R&D among these areas is shown in 
figure 3^ for the United States. United Kingdom^ 
France, West Germany, and Japan for the years 
1961 and 1969. (Data for the US S R, are not 
available.) 

The chief changes in the United States 
between the 1961 and 1969 periods were the 
proportional reductions in R&D expenditures 
for national defense (down from 65 percent to 49 
percent of total expenditures) and increases in 
the areas of spacey community services, and 
economic development. Relative reductions in 
defense R&D also occurred in each of the other 



Scientific and Technical Publications 

Research reports published in scientific and 
technical journals are one of the more tangible 
outputs of the scientific community. Such 
reports reflect the resuKs of specific research 
efforts. The results themselves may lead to 
further research, or be usedmany times over in a 
variety of practical applications. Furthermore, 
the critical review which usually precedes 
publication ensures that the reports have some 
degree of scientific or technical significance. 
Indicators based on research reports, however, 
have several (imitations for the purpose of 
international comparisons: the quantity of such 
reports may be influenced substantially by the 
national customs regarding the publishing of re- 
search papersy by the availability of funds for 
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Distribution of Government R&D Expenditures 
Among National Objectives, by Country, 1961 and 1969 
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preparing and printing papers, by jt>urn<3l 
refereeing and publishing policies, etc. These 
factors prt>vide gtiod reason fur caalfon in 
interpreting such indicatt>rs. 

The data presented here are the results of an 
initial attempt tt>: 

(1) Estimate the proportion of the world's 
significant research and technical 
literature (in selected scientific areas) 
v/hich is produced by theUnited States 
and other majt>r countries* and 

(2) Assign a figure of merit representing 
the quality or significance of the litera- 
ture produced in each area by each 
country. 



The scientific areas and countries encom- 
passed are shown below: 

Sckniijic Areas 

Physics and Get>physics 
Chemistry and Metallurgy 
Molecular Biology 
Systematic Biology 
Psychology 
Econom ics 
Mathematics 
Engineering 

Coun\r\e$ 

France 
japan 

United Kingdom 
United States 
USSR. 
West Germany 

NaHonal Origins of Literature. Estimates of the 
distribution of literature among field sand Coun- 
tries were based upon counts of articles* letters, 
and notes published in some 500 journals 
covered by the Science Cimion Jndn ^published by 
the Institute for Scientific Information, 
Philadelphia, PaJ> supplementt>d by data from 
various abstracting services. ^ The results are 
presented in figure 4. 



^ For details of the meth.>dotogy employed^ including 
ifalidatJon checks, see DfV'u*pmrnt of and Imfrnciiionai 

Computer Horizons, Enc , September 



The United States has a larger share of the 
hterature in each of the areas (except ftir chemis- 
try and metallurgy) thdn any other country. The 
U.S. share, as well a& those of other countries, 
shows httle change over the short period (1965- 
71) covered by the data. 

In the a red of physics and geophysics, the 
United States produces some 40 percent of the 
h'terature> as compared with about 15 percent 
from the U.S.S.R., and between 5 to 8 percent 
from each of the other four countries, Ho^v- 
ever> in the other physical science 
area— chemistry and metallurgy— the U.S.S,R, 
has the largest share with some 29 percentr 
versus the 24'percent share of the United States^ 
and the 5- to 9-percent shareof eachuf the other 
four ct>untries. 

In molecular biology the United States 
prt>duces almost one-half the world's [iteraturer 
with each of the two next largest producers 
(United Kingdt>m and France) having shares of 
only 9 percent. The U.S. share of the systematic 
biology literature is considerably ]ess> at some 30 
percent, than molecular biology, but still ex- 
ceeds that of any other individual country by a 
wide margin. 

In psychology and economics, literature of 
U,S. origin represents the largest share. The 
available data for both areas> however, were 
more limited and less reliable than data for other 
areas. In spile t>f these limitations, the relative 
position of the United States in each area is 
believed to be accurately reflected by the data. 

In mathematics theUnited Statesand U.S-S.R. 
share the lead as the maror literature producers* 
with the United States having a slightly larger 
share. The shares of the other four countries 
range from 4 to 7 percent. 

In engineering the United States produces 
about 50 percent of the world's literature. The 
next largest producers are the U.S.S.R, with 12 
percent, and the United Kingdom with about 10 
percent. 

LiUrature Ohfions. In addition to the purely 
quantitative aspects^ an effort was made to esti- 
mate the relative "quality" or "significance" of 
the literature. The basis for this indicator was 
the number of citations to the literature 
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produced by each country in each scientific ^re^ 
The general rationale for such an index is the 
expectation that the most significant literature 
will be most frequently cited/ whereas relatively 
unimportant research articles will attract few, if 
any, citations. Support for the validity of this 
indicator is the high correlation, found in a 
number of studies^ between the significance of 
papers as judged by researchers in the field and 
as measured by the number of citations. How- 
even articles may fail *o be noticed becauseof the 
language or journal in which they are published, 
whereas cithers may be heavily cited because of 
the criticisms they provoked or because they 
describe a minor improvement in methodology. 
These and similar limitations of the indicator^ 
however, are minimized by the extremely large 
numberof citations involved in the prcstrnt case* 

The data source for the "significance" indi- 
cator was the Scmice Cifation Index, which i^tcludes 
all publications cited in the 500 journals used in 
this study. The tota! number of citations 
received by the literature from each country in 
each area was divided by the number of research 
articles produced by the particular country in 
that scientific area The resulting "cita- 
tion/publication" ratios were determined for the 
years 1965, 1967, 1969, and 1971. Since the 
ratios did not change significantly over the 
period, the mean annual value was used. These 
data are presented in figure 5. 

Overall, the U.S.*produced literature had the 
highest "significance" ratio in five of the seven 
fields, with systematic biology and mathematics 
the two exceptions. ("Economics" was omitted 
because of the lack of reliable citation d,^ta.) 
Literature of the United Kingdom received the 
next highest rankings, placing either first or 
second in each field. Ranking after the United 
States and the United KiTigdom were West 
Germany, Japan, U.S.S.R., ajxd France, in that 
order.* 



The "Patent Balance" 

Data on patent applications and awards are 
also measures of inventive output. Inventions of 



new processes and products, of sufficient 
originality to be patented, represent potential 
technological ad vanc^s. PatentSj however, vary 
greatly in their tv^ch nical and economic 
importance and the basis for their award differs 
in important ways from country tocountry. Not 
only does the rigor of the tests for originality 
vary, but there are ajso considerable differences 
in the relative? success of litigation involving 
patent rights; this determines the relative ease 
and value of obtaining patents indifferent coun* 
tries. 

The absolute number of patent applications or 
awards in individual countries is not an ade- 
quate indicator for the purposes of inter* 
national comparisons. It is more meaningful to 
comj;are the number of patents awarded to 
nationals with those awarded to foreigners in 
each country.^ This yields an index which 
reflects the relative success of countries in 
developing products and processes of sufficient 
potential significance to warrant international 
patent protection. 

Figure 6 presents the total number of patents 
awarded to U.S. nationals by five countries 
(United Kingdom, U.S.S.R., West Germany, 
Japan, and France), those awarded by the United 
States to nationals of these countries, and the 
resulting U.S. balance. This shows that the 
"patent balance" of the United States fell by 
some 40 percent between 1966-70. The decline is 
due principally to the reduced number of patents 
awarded to U.S. nationals by foreign countries. 

Since patent applications in a foreign country 
are usually the result of simultaneous patent 
application in the applicant's own country, these 
data indicate that the rate of growth of patent- 
able ideas of international merit have been 
expanding at ^ greater rate in other countrit^s 
than tn the United States, 

The patent balance of the U^iited States rela* 
tive to each of the other countries (except the 
U.S.S.R. which accounts for less than one per- 
cent of the total patent transactions considered) 
ispresented in figurt-7, Overall, the U.S. balance 



^ The particular sAmp]f of pufrAls u^ed m^MiTnating the 
national origins of litrraturr and tKe r^Utivf significance of 
tKe hter^rurr may have resulled in bia$ favoring 

English ^language publiCnafions. 



^ Patents awardf^ lo U.S. nationaU by foreign countries 
miras patenU awarded foreign national by the United 
States. 
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Figure 6 

Patents Awarded to U.S. Nationals by 
Foreign Countries and to foreign Nationals 
by the U,S, 1966-70 
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Figure 7 

U,a Patent Balance with Selected Countries, 
1966-70 
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declined in each country, with the major reduc- 
tion occurring in respect to France, followed by 
smaller decline? in relation to the United King- 
dom. Japan, and West Germany in tiMt order. 
Declines in the U.S. balance vis-a-vis France. 
United Kingdom, and West Germany were due 
principally to reduction^i in the number of 
patents awarded to U.S. nationals; ;.onversely. 
the decline with respect to Japan w?s produced 
largely by an increasing number of awards to 
that country by the United States. 

Thus, the U.S. patent position, while still 
favorable in 1970, was eroding for two reasons: 
(a) a declining number of foreign patents of U.S. 
origin and (b) an increasing number of U.S. 
patents of foreign origin. 



PRODUCTIVITY, TECHNOLOGY 
TRANSFER, AND BALANCE OF TRADE 

Science and technology play an important role 
in industrial innovation, productivity, economic 
growth, and trade among nations. They repre- 
sent, however, only one component in the com- 
plex matrix of factors which determine the tech- 
nological and economic position of a nation. The 
numerous other variables involved (legal finan- 
cial, social market, etc.) make it difficult to 
specify the exact role and contribution of any 
single factor— such as R&:D. 

In discussing productivity, technology trans- 
fen £ind balance of trade, comparisons are limited 
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to those areas ^nd aspects which depend upon 
R&D in rather direct and obvious ways. 

Productivity 

Productivity expresses the relntionship 
between the quantity of goods and services 
produced (the output) and the resources (e.g., 
' labor, capital land, and energy) used to produce 
them (the input). One of the most cctmmonly 
used indices of productivity is ''output per man- 
hour/' which relates output to the input of labor 
time. R&D contributes to productivity by 
providing advances in technology which increase 
output per man-hour. All studies of the effects 
of R&D on productivity growth conclude that 



there is a direct relationship which is ''positive, 
significant, and high."'' 

Indices now available do not permit compari- 
son of absolute levels of productivity in dif- 
ferent countries, except in the case of certain 
individual industries. Instead, comparisons are 
limited to changes in productivity which occur 
over time in individual countries. Normalized 
data for changes in relative labor productivity in 
manufacturing are presented in figure 8 for the 
United States. United Kingdom, France, West 
Germany, and Japan. 



Foundiition, NSF 72-303. DetVnibcr t^7l. 



Figure 

Product^ Jty in Manufacturing Industries! 
by Country^ t960-7t [Index 1960 = tOO] 

(Index) 
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Figure 9 

Unit Labor Cost in Manufacturing industries, 
by Country^ 1960-7t [index I960 = tOO] 
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Japan increased its productivity by 210 per- 
cent between T*?60-7I, compared lo aboul a 39- 
percent increase in the United Stales. Produc- 
tivity gains in manufacturing over the same 
period were &6 percent for West Germany, 
percent for France>and50 percent for the United 
Kingdom. Of course, the United States, which 
has already reached a high level of productivity, 
might not be expected to sustain the same high 
proportional gains as countries starting from ^ 
lower productivity base. 

Increases in productivity can translate into 
lower product cost, providing the productivity 
gains offset increases in labor costs. Unit labor 
cost (hourly Jabor cost divided by output per 
man-hour) for manufactured products is shown 
in figure *5 for the same five countries. ]t can be 
seen that productivity gains were sufficient to 
offset increased labor costs in the United States 
during the 1960-66 period, but not thereafter. 
Productivity gains in the other four countries 
were also exceeded by increases in labor costs* 
particularly after the mid-sixties. Even in the 
case of Japan > the large increases in productivity 
after the middle of the decade were not suffi- 
cient to offset the growth in labor costs7 

Technological Balance of Payments 

Nations often seek to improve their tech- 
nological and productive position by purchasing 
technical "know-how" (e.g., patents, tech- 
niques> formulas* designs, franchises, and man u- 
facturing rights) from other countries. Many 
factors — such R&D and economic develop- 
ment policies/ ownership and trading arrange- 
ments, and marketing effectiveness— may in- 
fluence the actual level and balance of tech- 
nology transfer between nations. A persisting 
favorable balance of payments for technical 
"know-how/' however, is an indicator of a 
strong position in technology. 

Data on payments and receipts for technical 
'know-how" are available for transactions 
between multinational companies and their 
foreign affiliates as well as between independ- 
ent organizations. The latter data were selected 
for use here primarily beca^^eof thegreaterele- 
ment of valuation imp:ici< in transactions 
between independent enterprises. It should be 



' A detailed <ind comprehensive study of unit labor c<^i^ 
productivity, and bbor compensation is presenr.?d in 
ComPff\ftVfnts$ &f US. Jftdu^irus* United States ^^riff Commis- 
sion. TC Publication 4?X Washineton> Apiil 1972. 



noted, however, that the omission of trans* 
actions between cori.>oratjons and their foreign 
affiliates results in a substantia] understate- 
ment of the extent of technology transfer. In 
addition to transactions involving financial ex- 
changes, a considerable amount of technical 
'know-how" is transferred informally between 
multinational firms and their foreign affiliates. 

The technological balance of payments with 
respect to the United States is presented in 
figure 10. Included are U.S. receipts from the 
sale of technical "know-how" to all countries, 
payments by the United States to all other coun- 
tries for such "know-how," and the resulting 
balance of payments (receipts minus payments). 
The United States had a strong and increasingly 
positive balance of payments in this area 
throughout the decade. U.S. receipts from the 
sale of "know-how" grew exponentially while its 
payments — which were some four to five times 
less than receipts — rose linearly. 

The U.S. balance of payments associated with 
a country or countries is presented in figure 11. 
This shows that the principal increase in the U.S. 
balance is attributable to Japan which more than 
tripled its purchase of technical "know-how" 
from the Urited Stat es between 1966-71 . 
Purchases by the United States from J^pan, on 
the other hand> remained at a very low level 
(only 2 to 4 percent as much as japan's pur- 
chases from the United States) throughout the 
period. Western Europe (mainly the Common 
Market countries) also contributed to the favor- 
able U.S. balance; however purchases by the 
United States from Western Europe^ which were 
much greater than those from Japan^ were some 
40 percent as large as U.S. receipts from these 
countries for technical "know-how." 



Balance of Trade 

in Technology-Intensive Products 

A nation's balance of trade depends upon 
many factors including the relative price of its 
products^ the effectiveness of its marketing* its 
trading arrangements with other countries, and 
its relative position in industrial technology. The 
technology position* in turn* is increasingly 
dependent upon the use of R&D to improve and 
develop new industrial products, processes* and 
services. 

This relationship between industrial tech- 
nology and R&D provides a basis for dividing 
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Figure ]0 

US, Payments and Receipts for Patents, 
Manufacturing Rights, Licenses, EtCi 1960-^71 
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Figure II 

U,S. BaJance of Payments for Patents, 
Manufacturing Rights, Licenses^ Etc.^ 
by Country, 1960-71 
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niznufactured products into two groups: tech- 
nology-intensive and non technology-intensive 
products. The grouping is baied upon the rela- 
tive extent of R&D performed by the ind>istries 
which manufacture the products. Products from 
industries with (a) 25 or more scientists and 
engineers engaged in R&D per 1,000 employees 
and (b) 4 percent or more of their net sales 
directed to R&D are designated here as "tech- 
nology-intensive" products while those with a 
lower level of R&D investment are regarded as 
"nontechrology-^intensive" products. Based on 
these criteria, the product areas which are tech- 
nology*inlensive are (a) chemicals, (b) non- 
electrical machinery^ (c) electrical machinery, (d) 
aircraft and parts, and (e) scientific and profes- 
sional instruments » All other manufactured 
products are regarded as nontechnology inten- 
sive* 

The U.S. trade balance (exports minus 
imports) associated with these two categories of 
products is shown in figure 12. The favorable 
balance in technology-intensive industries is 
clearly indicated; the balance doubled over the 
1960-71 period. In contrast, the United States 
had a large and increasing deficit trade balance in 
nontechnology-ir'ensive products.** 

The favorable U.S. export position in high 
technology products results in large measure 
from the extensive use of scientists and engi- 
neers as well as other skilled manpower-'^ Thus, 
the U.S. comparative advantage for inter- 
national trade in manufactured products appears 
to be in the export of goods that are intensive in 
the use of highly educated and sIciKed per^ionnel 
rather than in low technology mass-produced 
goods. 

The favorable U,S. trade balance in the tech- 



* This grouping, of cour$«, is approximate one. 
Products and industries, allhougK liighiy correlated \\ the 
gross leve|,do not pe^rfe<:lly colncidtr wilh the result that noi 
alt products manufactured by a high RJEtD-performing 
industry are technology-mtensfx^e. Further (he criteria used 
here result in placing "automobile and parts" products in the 
nontechnology- intensive* group, instead of the other group 
where they arc somelimes assigned. 

* The U.S. trade position may also be viewed in terms of 
capital and consumer goods. The favorable U.S. export 
pcrfornnancejs Jarigelyaccounted for by capit^lgoods, almost 
all of which are produced by technology-intensive indus- 
trieSr while the unfavorable import situation lies largely in 
consumer gocdsn 

W. H. Bi\)n50n and H. B Juni. "Trends in U.S. Trade 
and Comparative Advantage," BrMin^* Pa/irr:* Ksn \if>nojn\\ 
Aiimty. 2, 1971^ 
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as. Trade Balance in Technology-^and 
Nontechnology- Intensive Manufactured 
Products. 1960-71 
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nology-intensive area is shown in f gure 13 for 
each of the five industry groups. 

• Nonelectrical machinery (declined iri net 
exports during 1971, The decline was pri- 
marily due to the continuing rise in imports 
of office and textile machinery. Computers 
and construction and mining equipment 
account principally for the net export posi- 
tion- 

• Aircraft and parts had a 9:1 export/import 
ratio in 1971. Although this has been the 
fastest growing exporting industry, there 
are signs that the favorable ratio may de- 
cline in the near future. 

• Chemical net exports declined in 1971 
chiefly due to increased imports of chemical 
elements and compounds as well as medici- 
nal and pharmaceutical products; major net 
export products were plastics and resins and 
radioactive materials. 

• Instruments maintained a steady but small 
growth in net exports. 
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• Electrical machinery continued its rapid de* 
dine in net exports* principally j& a result of 
imports of telecommunication apparatus. 

Tl^is mixture of growing and declining; exports 
illustrates the complexities of the present U.S. 
trade position. The underlying dynamics of the 
position/ however, are partially explained by the 
"product cycle" concept J ^ Trade in manu- 
factured goods, according to this concept, typi- 
cally follow's a cycle in which the United States 
initially establishes a net export position with 
the iniroduction tyi a new product, maintains 
this position until the technologies and skills 
necessary for manufacturing the product are 
developed elsewhere, and then becomes an im- 
porter as the production is standardized and 
moves abroad to minimize costs. The concept 
implies that the product structure of U.S. 
exports must have a continuous infusion of new 
products in order for the United States to main* 
tain a favorable trade position. 

The favorable position of the United States in 
high technology areas is based primarily on 
exports to developing nations and countries of 
Western Europe (figure 13). In 1^"1, developing 
nations accounted for 55 percent of thf? net 
exports in these areas, and Western Europe 
almost 30 percent. In contrast, the deficit balance 
in the high technology area developed with lapan 
in the mid*1960's and persisted in the following 
years, with the larg'/st Increase (almost 120 per- 
cejit) occurring in 1971. Thiy deficit lies pri- 
marily in electrical machinery (particularly in 
consumer electronics), and to a lesser extent in 
the instrument and nonelectric machinery areas. 
Only in the aircraft and parts area does the 
United States have a significant netej:port posi- 
tion with respect to Japan. 

Although the United States still retains ^ 



strong position as a net exporterof technology- 
intensi\T pr^xlucts, various indicators suggest 
that the position may deteriorate in the near 
future. Not only did the overalJ trade balance for 
high technology industries level off between 
1970*71, but the two industries most responsi- 
ble for the favorable balance in previous year& 
(nonelectrical machinery and chemicals) had 
their first decline in net exports in 1971. 
Furthermore, net exports of electrical 
machinery appear to be declining at a faster rate 
than in recent years; the shift of exports in this 
.irea from developed to developing nations is re- 
garded as a further indication that these prod- 
ucts are moving from the export to the import 
stage. In addition to these relatively direct indi- 
cators of the U.S. trade position* other indices 
suggest that R&D trends in these industries may 
contribute to a deteriorating position in the 
future: the "R&D intensiveness" of the five 
industries as a whole declined by sorr.e 25 per- 
cent in recent years and expenditures for R&D 
fell ^y almost 10 percent between 1965-70. as 
noted elsewhere in this report. 

The preceding examination of foreign trade 
was restricted, for the purposesof this report to 
those aspects which provide relatively direct 
indices of the position and performance of U.S. 
technology. As a result, the whole area of 
foreign direct investment and sales of U.S. sub- 
sidiaries abroad was neglected. Such sales, 
mostly in technology-intensive products.exceed 
exports by some 2.5 times, but are highly cor- 
related with the export position of the individ- 
ual industries. The large and growing invest- 
ment income from foreign subsidiaries the 
United States helps to finance U.S. imports of 
nontechnology-in tensive products- Further- 
more, such investment in developing nations 
probably generates a considerable market for the 
export of U.S. technology-intensive products. 



|] R. Vemt*n^ *'tnierniiionji tiivcstmt^nt and Inicr- A com pre hens isre discussion ai these and related rt»pics 

n^lJun-^l Trade m th^ PrnduLt Cytlc/* Qutirtt-rty juiirniii t^f prc*<*nJed in: P. C. PeieT^to* The Ufiitt J ^ou^ ihr Cha^t^in^ 

licn^mM^, V. 80. May I9t>0. WcrM EfdPifiwjy. U.S. Government PrintinK Office. 197]. 
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lndiL\it<»rs in this ihjptt'r licM ivith ihc imMuia} .ind huni.in rostuinoii employed in restMrcli nnd 
develt>pmenL Tliese imlude meiiMjres \\( ihc U»tal iiiitioniil R&D 4*fforL in terms of iht- level Jtiif 
sotirces of funditi^; the t'li.'^rat'ter (liai;ic resvarrli, nppliei-l research, ami development): and the 

scientists and engineers en>*a^eJ in tlicse aitiviHe;*. The >*cncral areas uf and the inshtutitwis 

involved art* indicated, altliou>;h thei»e aspeels aie mure fully treated in siihsetiuent sottitMTs of tht^ 
report. 

In this chapter rcsourres are vteived both as inputs to the scientific-technological enterprise and as 
indicat(>rs of the le\'el of its R The Use of finannal resources as a 5urn>>;ate for level of R&D activity 
requires that the purchase value of the doHar be adjusted to reflcci rising; costs. In the absence of an 
"R&D price index," the implicit price deflator for the ^n-tss national produet is used to onvert R&D 
expenditures frcim current to Constant dollars; ihis con versii:ni, it is recoj;ni/cd; may not fully accouni: 
for the increasing costs associated with R&D, 



INDICATOR HIGHLIGHTS 



o National expenditures for R&D increased 
throughout the 1961-72 period when 
expressed in current dollars; in terms of con- 
stant 1958 dollars, however expenditures 
declined 6 percent between 1968 and 1971, 
but increased sligh^^y in 1972 to a level 
equivalent to that of 1966-67. 

□ Total R&D expenditures as a proportion of 
thc ^rosii national product declined to 2.5 
percent in 1972 from a high of ;^.0 in 1964; 
the decline was due to continued growth of 
the GNP coupled with the reduced growth of 
Federal R&D expenditures. 

□ Federal Government expenditures for R&D 
in current dollars leveled off after 1968 and 
declined slightly thereafter— primarily as the 
result of reduced expenditures for space 
R&D— before rising in 1971 and 1972; the 
result in constant 1956 dollars was a reduc- 
tion which continued through 1971 and 
amounted to a 12-percent decline. 

□ The number of scientists and engineers 
engaged in R&D reached almost 560,000 in 
1969 befor€ declining each year thereafter 
for a total reduction of some 35,000 by 1972; 
almost all the decline occurred in the indus- 
trial sector, 
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o Most affected by the funding reductions 
were development activities which leveled 
off in 1970 before rising again in 1971 and 
1972; in constant 1956 dollars, however, 
expenditures for development declined after 
1969 and remained at the lower level through 
1972, 

D The fraction of tt>ial Federal outlays devoted 
to R&D fell from 12 to 7 percent between 
1965-72. The dttrline was due in large part to 
the growth of Federal expenditures in areas 
which have small R&D outlays, such as 
income security, and to reductions in space 
R&D, 

□ Some 73 percent of all Federal R&D expendi- 
tures in 1972 went for national defense and 
space exploration. National defense received 
54 percent of total Federal R&D funds in 
1972 and space exploration received some 19 
percent of the totah 

G Federal expenditures for R&D in civilian 
areas (areas other than national defense and 
space) increased throughout the 1963-72 
period, rising to 27 percent of the total in 
1972, up from 14 percent in 196;^, Areas re- 
ceiving the bu,i^ of funds in 1972 were health 
(8.7 percent), advancement of science and 



technology (4,4 percent), transportation (3.8 
percent), environment (3-2 percent), ^and 
energy conversion and developmenK2. 5 per- 
cent). 

Q Total expenditures for industrial R&D in 
current dollars increased until 1969, de- 
clined in 1970, and then rose in 1971 and 
1972? the trend in constant 1958 dollars, 
however, was one of considerable declines 
after 1969 and a small Increase in 1972, 
leaving expenditures a; their 1965-66 level, 

a Industry-funded R&D, which rose in<cur- 
rent dollar expenditures throughout the 
1961-72 period, is devoted to applied re- 
search and development in the electrical 
equipment, aircraft and missiles, motor 
vehicles, chemical- and machinery indus- 
tries. Some 50 percent of Federal expendi- 



tures for industrial R&D went to the first 
two Industries in^ 1970, 

D Federal funds for industrial R&D leveled off 
in the mid-1960's and declincxl in current 
dollars after 1969— primarily because of re- 
duced expenditures for space R&O— while 
industry continued to increase 'its expendi- 
tures, with the result that in 1965 industry 
replaced the Federal Government as the 
prime source of support for industrial R&D. 

a Universities and colleges, which provided 4 
percent of the Nation's R&D funds in 1972, 
concentrate their expenditures on basic and 
applied research tn the life sciences {almost 
50 percent), physical sciences and engi- 
neering (20 percent), and the social sciences 
(16 percent). 



M The Nation devotes a sizable share t>f its 
human, institutional and financial resources to 
research and development. The largest pR>por- 
tlon of ihcsQ resourrc*s is directed toward tho 
*icbie\H*mt*nt of n.ition*il object iveii in nvoas such 
as defense, htMlth, space, ^'ner^y, *ind t':;o 
environment. A somcwh.it smaller sh.irc of the 
resources goes for developing the tcchnulogical 
b<isis fi^r new .iiid improved injustri^il pr^xJucts 
and services. And a ct>nsidcrably sm<iller share is 
used for improving tht- fundainenlal under- 
st^-^njing t>f in«n .ind nature. 



NATIONAL RESOURCES 
FOR RESEARCH AND DEVELOPMENT 



Total U.S. expenditures for R& D are shown in 
figure for 19al-72 in both current and con- 
stant (1958) dollars. Current dollar expendi- 
tures rose throughout the perio<i. As measured 
in constant dollars, howevery expenditures 
peaked in 196&, and declined by a percent over 
the next 3 years to a level equivalent to 1966. 
Slightly increased expenditures are estimated 
for 1972, (Coincident with the constant dollar 
declines were nearly equivalent proportional 
reductions in the total number of scientists and 
engineers engaged in R&D, as shown in figure 
15.) 

o 
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As a part of its gross national product, the 
United States \s estimated to have devoted 2.5 
percent of GNP to RkD in 1972 This ratio, 
which reached its highest level of 3.0 percent in 
1964, has declined steadily since 1967 \figure 
14). The reduction is attributable to the con- 
tinued growth of the GNP coupled with de- 
clines in R&D expenditures by the Federal 
Government; non-Federai expenditures for 
R&iD remained at approximately 1.2 percent of 
GNP between 1967-72. 

The principal sources of R&D funds are the 
Federal Government which provided 55 percent 
of the nation's total RkD expenditures in 1972, 
private industry 40 percent, and the universi- 
ties and colleges 4 percent. Other nonprofit 
institutions contribute*^ the remaining 1 per- 
cent (figure 14). Government funding in cur- 
rent dollars declined slightly between 1968 and 
1970 and incrf*ased in 1971 and 1972; in con- 
stant dollars, howevery Federal fi^ndirig de- 
clined by 12 percerst between 1968-71 before in- 
creasing slightly in 1972. Federal expenditures 
for R&D in FY 1973 are estimated at approxi- 
mately $16.5 billion, a 3-percent increase over 
expenditures for FY 1972, which were in turn 6 
percent higher than FY 1971- 

Expenditures for RkD in terms of the charac- 
ter of work— basic research, applied research, 
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Figure 15 

Scientists and Eneineers'" Employed 
tn R&D, by Sector, 1961-72 
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and development — are shown in figure 14, The 
most salient change appears in the development 
area in v^hich constant^dollar expenditures de- 
clined during 1969-71. This decline accounts in 
large part for the overall R&D reduction noted in 
figure 14. In 1972* development activities 
accounted for 64 percent of total R&D expendi- 
tures* applied research 22 percent, and basic 
research 14 percent. 

A part of the nation's human resources 
devoted to R&D are the scientists and engineers 
who are engaged in performing research and 
development. Their total number reached 
almost 560,000 in 1969 before declining in each 
subsequent year for a total reduction of some 
35*000 by 1972. Almost all the decline occurred 
in the industrial sector (figure 15). Industry had 
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two-thirds of the nation's total scientists and 
engineers engaged in R&D (on a full-time- 
equivalent basis) in 1972 as compared with the 
universities and the Federal Government, each 
of which had some 13 percent. 



FEDERALLY FUNDED 
R&D AND NATIONAL OBJECTIVES 

R&D resources and activities can be related to 
the national functions they serve, such as 
defense, space, n.^tural resources, commerce and 
transportation, and health. Federal expendi- 
tures for R&D' in these functional areas reflect 
the extent to which R&D is used by the 
government in the pursuit of national goals. 

Total Federal 

Outlays and R&D Expenditures 

Federal expenditures for R&D, expressed as a 
percentage of total Federal outlays, declined 
appreciably after 1965, as shown in figure 16. 
The reduction resulted from a mixture of (a) 
rapid growth of Federal outlays in areas which 
have small R&D expenditures, (b) diminished 
expenditures for space R&D, and (c) relative de- 
cline in expenditures for national defense, as a 
proportion of total Federal outlays. Federal 
expenditures for retirements disability, and un* 
employed, for example, ruse from 20 to 29 per- 
cent of total Federal outlays between 1968 ^nd 
1972; R&D expenditures, however, were less 
than 1 percent of the total outlays in this area. In 
X\\Q space area, R&D expenditures declined both 
in absolute terms ^nd as a percent of tota! 
Federal outlays. Total outlays for defense, which 
has been the major source of R&D funds, fell 
from 49 percent of all Federal outlays in 1963 to 
35 percent in 1972. (For further detail, see An 
Analyshoj ffiffr^/ J^^DfundiH^ funffiofi. National 
Science Foundation, NSF 72*300J 

R&D Act^vUies 

in Functional Areas 

Expenditures for the 10 major areas of 
federally funded R&D are presented for the 
years 196^72 in figure 17.^ These areas 



^EKpendilure dat^ for otber funding sources (e.g.. 
rndustry^ ar^ not available for ihese furtcttonaJ areas^ 
^ Comparable data are not available for earlier years^ 
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Figure 16 

Federal R&D Expenditures as a Percent of 
Totaf Federaf Outlays, FY 196t'72 
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accounted for 9q percent of all Federal expendi- 
lures for R&D in 1972, The most salient features 
represented in the fifture are: 

• The larf^e role of defense R&D throughout 
the period 

• The rise and fall of space R&D 

• The relatively rapid growth in civilian areas. 

Defense R&D expenditures between 1963-72 
ranf;ed from 48 to 64 percent of total Federal 
expenditures for R&D. In 1972 they accounted 
for 54 percent, the highest proportion since 
1964^ Current dollar expenditures for 1972 were 
the highest of the 7963-72 period. The 1972 
R&D expenditures in this area were directed in 
the main to development of missiles, aircraft, 
equipment/ and to defense-related atomic 
energy activities, military sciences, and astro* 
nautics. 

R&D expenditures for space in 1972 wen* at 
their 196^^*64 level after declining by more than 
40 percent (in current dollars) since the peak 
year of 1966.-^ The area, however, still received 
19 percent of all Federal R&D funding m 1972. 



^ The entire ^ciivMies of NASA are reported as R&D or 
rebl«d support; the HtD compof>*nt vvas rfported as 98 
percent of the agency's tot^l eKp^nditure^i in 1972. 



The principal programs, in terms of magnitude 
of expenditures in 1972, were manned space 
flight* space science and applications, support- 
ing activities/ and space lechnolofiV. Recent de- 
clines in the space area occurred largely in the 
manned space program. 

Expenditures for R&D in civilian areas— areas 
other than defense and space-^grew sub- 
stantially throughout the 1963*72 period, rising 
from 14 percent of total Federal R&D expendi* 
lures in 1963 to 27 percent in 1972. The func* 
tional areas accounting for most of the civilian- 
oriented R&D in 1972 wi*re; 

(1) Healths which consists of the devchptuefji of 
health resources, the prevention ami control of hcijUh 
pre>hlenjs. and the AeUver^of heM care. The first 
category, which accounts for some 90 per* 
cent of all Federal expenditures for health- 
related R&D, includes activities of (a) the 10 
National Institutes of Health which deal with 
specific chronr'c and communicable diseases 
as well as general medical sciences, develop- 
ment of health manpower, and establish- 
ment of biologic standards; (b) the mental 
health, health statistics, and overseas re- 
search activities of the Health Services and 
Mental Health Administration (HSMHA); (c) 
the medical and prosthetic research of the 
Veterans Administration; and (d) the health- 
related activities of the Atomic Energy 
Commission. The second category consists 
of the R&D activities of the Food and Drug 
Administration, Bureau of Mines, and the 
preventive health services of HSMHA. The 
delivery of health care category is comprised 
of the HSMHA programs in health services 
planning and development, health services 
delivery* and Indian health services. Expendi- 
tures for R&D in the entire health area* as a 
fraction of total Federal R&D expenditures, 
rose from 5,2 percent in 1963 to 6.7 percent 
in 1972. 

(2) Advancement of Science and Technology, 
which is aimed at strengthening the Nation's 
scientific base and at application of science 
and technology to problems of national 
concern. The largest category \s getun^l scietice. 
comprised principally of basic research proj- 
ects in the various scientific disciplines 
supported by the National Science Founda- 
tion and most of the physical science re- 
search programs (except for controlled 
thermonuclear research) of the Atomic 
Energy Commission, A second category is 
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the Uchnologi^ imfTrorcmmt atui inftovdlhtt 
programs of the National Bureau of Stand- 
ards. As a fraction of total R&D expendi- 
tures by the Federal Government, this area 
rose from 2.6 percent in 1963 lo4.4percent 
in 1972. 

(3) Transportation^ which consists of R&D in 
air, ground, and water transportation. Air 
trausfjortafiot^ R&D (which accounted for 70 
percent of Federal expenditures for all 
transportation R&D in 1972) includes 
NASA's aeronautical techitolo|*y program, 
and the activities of this agency and the 
Department of Transportation in the areas 
of system safety and future generations of 
aeronautical vehicles. CmtttJ trattn^fHirtatiott 
R&D is aimed largely at improved highvi^ay 
and automotive safety and at rapid transit 
systems. R&D in wahr attti ttuilf modal 
hattsftoriaiiott includes programs of the U.S. 
Coast Guard. Maritime Administration, and 
others. Expenditures for transportation 
R&D, as a fraction of all Federal R&D 
expenditures, increased from 1.0 percent in 
1963 to 3.8 percent in 1972. 

(4) Environment^ which encompasses the ;ioUu- 
fiott (onirol and ahatemnit programs of the 
Environmental Protection Agency and the 
environmental research programs of the 
Atomic Energy Commission; re^&uw dmloft* 
went ami rtjatjaf^emcui which includes programs 
of the Forest Service, National Oceanic an d 
Atmospheric Administration (NOAA); 
Office of Saline Water, and others; and 
resource monUoritt^, measuring, mui jorccasfw^zow- 
sisting of the R&D activities of the Geologi- 
cal Survey and NOAA, As a fraction of total 
R&D expenditures by the Federal Govern- 
ment, R&D spending in this area increased 
from 1.5 percent in 1963 to 3.2 percent in 
1972. 

(5) Energy Conversion and Development, 
which consists mainly drMo\mmii of mdear 
tfiergy tapahiUim (85 percent of R&D expendi- 
tures) and the dwelopmeni aiu\ uitUzaHou <'if uoti- 
nuclear energ)f resources. Nuclear energy activi- 
ties are concentrated on development of the 
liquid-metal fast breeder reactor; major 
efforts in the nonnuclear area — which are 
rising in both absolute and relative 
terms— center on coal gasification, oxide 
control technology, and advanced under- 
ground electric transmission lines. R&D 
expenditures in this area, as a proportion of 



all Federal R&D outlays^ rose from 2.3 per- 
cent in 1963 to 2.5 percent in 1972. 

(6) Agriculture, includes R&D activities aimed 
at irtcreasinj^ thcquattUtifatiti improvhif^thrtiKatityof 
ctf^ricuUurid prothiCfs and cxpatuiin^ the utiUzafiott of 
af^rictiUurc resotmes. The first category, which 
comprised more than 90 percent of total 
R&D expenditures throughout 1963-72, 
includes the efforts of the Agricultural Re- 
search Services and the Cooperative State 
Research Service of the Department of 
Agriculture; R&D in the second category in- 
cludes activities of the Economic Research 
Service and the Farmer Cooperative Serv- 
ice. As a proportion of all Federal R&D 
expenditures, those in this area were 1 .2 per- 
cent in 1963 ^nd 1.8 percent in 1972. 

(7) Economic Security, which consists of mti- 
pouier resources iierelopmenh reduthou ofi^ovcrly^ and 
itHOtftf ttiiiintrtmtue. R&D in this area is aimed 
primarily at improving the employability of 
ind i vidua Is. pr omo ting equali ty of 
opportunity, providing systems of income 
maintenance, and alleviating poverty. 
Expenditures for such R&D— provided pri- 
marily by the Department of Health, Educa- 
tion, and Welfare and the Office of Economic 
Opportunity— increased from 0.2 percent of 
total Federal R&D expenditures in 1963 to 
1.0 percent in 1972, 

(S) Education^ which consists of the R&D activi- 
ties of the Office of Education, the National 
institute of Education, and the Office of 
Child Development, all of the Department of 
Health, Education, and Welfare. RScD is 
spread among a wide range of efforts, in- 
cluding the development of improved 
curriculums and individualized instructional 
materials, better understanding of the learn- 
ing process, and the motivation of dis- 
advantaged children. The fraction of total 
Federal R&D expenditures for this area rose 
from 0.1 percent in 1963 to 0.8 percent in 
1972, 



RESOURCES FOR INDUSTRIAL R&D 



Total expenditures for industrial R&D, which 
include expenditures of both government and 
private industry, are shown in figure 15, The 
separation of these two funding sources indi- 
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cates that the decline in total R&D expenditures 
in 1970 was due entirely to reductions In the 
level of Federal support. Federal funding actually 
leveled off in 1966 while industrial support rose 
more rapidly than in previous years, with the 
result that industry replaced the Federal 
Government in 1968 as the principal source of 
suppjort for industrial research. By 1972, 
industry funded 58 percentofati industrial R&D 
compared with 43 percent in 1961- 

Although Federal funding for industrial R&D 
did not start its decline until after 1968. the 
effects of a relatively sbw rate of growth in 
funding, compared with the increasing cost of 
R&D, were apparent as early as 1964 in termsof 
the source of support for R&D scientists and 
engineers (figure 1 9}.^ The figureshows that the 
n umber of scientists and engineers supported by 
Federal funds started to decline after 1964, al- 
though the largest reductions did not occur until 
after 1969, which coincides with the onset of 
larger constant dollar funding reductions that 
are shown in figure IS. 

These funding changes did not affect appreci- 
ably the relative distribution of funds among 
basic research, applied research, and develop- 
ment activities. In 1972 as in 1961, industrial 
R&D was concentrated in development (78per' 
cent)/ while applied research received some 19 
percent and basic research declined from 4 to 3 
percent. (The absolute level of basic research, 
however, declined considerably as shown else- 
where Sn this report.) 

Despite these funding changes/ Industrial 
firms still perform thebulkof the Nation'? R&D. 
In 1972, funding of industrial R&D accounted 
for 68 percent of all R&D conducted in the 
United States, including 83 percent of the 
development/ 55 percent of the applied research/ 
and 16 percent of the bask research. 

Industry-Funded R&D 

R&D in this category is performed largely in 
the seven industries indicated in figure 20. They 
accounted for about 85 percent of all company 
R&D expenditures during the period reported. 
Each of these industries/ except for"aircraft and 
missiles" and "motor vehk/es/' had increasing 
R&D expenditures (in current dollars) through 



* ComparMe <Jata are not availaWe for years prior to 
1962. 
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Figme 19 

Scientists and Engineers^*^ Engaged in 
Industrial R&Di by Source of Funds, 1962^71 
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1970 (the latest year for which such daXa are 
available). In terms of constant dollars, how- 
ever, only the petroleum, machinery, and 
professional and scientific instruments indus- 
tries indicated increases in 1970, 

Industry-funded R&D in 1972 was con- 
centrated in development activities which re- 
ceived 73 percent of the total funds as compared 
with 22 percent for applied research and 4 per- 
cent for basic research. This composition 
changed continuously over the decade toward 
more development (from 68 to 73 percent), less 
applied research (from 25 to 22 percent), and less 
basic research (from 7 to 4 percent). These long- 
term shifts do not appear to have been accel- 
erated by recent funding changes. 



Figure 20 

Industry's Own Funds for R&Di 
by Selected Industry, 1961^70 
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Company-funded R&D is projected to in- 
crease by about 25 percent between 1972 and 
1975, rising to some $14 billion, and the number 
of scientists and engineers employed in such 
R&D is anticipated to increase to 260,000 in 
1975.^ individual industries show some varia- 
tions from these projected trends. The drug 
industry U part of the larger chemical industry) 
anticipates increases in R&Dspending which are 
larger than the all-industry average; electronic 
firms expect increases in line with the rest of 
industry; companies in industrial chemicals and 
aerospace foresee future R&D growth at a pace 
somewhat below the rest of industry; and petro- 
leum firms expect only a slight increase in total 
R&D spending over the next few years. 

Federjilly Funded R&D 

The Federal Government funds R&D prin- 
cipally for defense and space purposes. In 1970, 
for example, all but 14 percent of the Federal 
funds for industrial R&D came from the Depart- 
ment of Defense and NASA. The funds from 
Federal agencies are directed to a small number 
of industries, with more than 90 percent of the 
funds going to five industries: aircraft and mis- 
siles; electrical equipment and communication; 
machinery; motor vehicles and other transporta- 
tion equipment; and professional and scientific 
instruments. Some SO percent of all Federal 
expenditures for R&D in industry go to the first 
two industries.** 

Federal funds are concentrated in develop- 
ment activities, more so than are the funds sup- 
plied by industry. On the average throughout 
the 1961-72 period, development received about 
85 percent of the total funds, applied research 
12-14 percent, and basic research 2 percent. The 
funding reductions noted above had the greatest 
absolute effects on development activities, 
expenditures for which peaked in 1966 and 
subsequently declined 25 percent in constant 
dollars between then and 1972. (Estimated cur- 
rent dollar expenditures indicate a small in- 
crease in 1972.) Similarly, the ] 972 funding level 
for applied research declined by 18 percent after 
its peak Funding year of 1962. B\it propor- 



tionally, basic research was even more ad- 
versely affected; the 1972 funding level was 
down by 40 percent since 1967, the year of its 
maximum funding. 



R&D FUNDING 
BY UNIVERSITIES AND COLLEGES 

These institutions together with other non- 
profit organizations provide the remaining 5 
percent of toMi national expenditures for R&D, 
with the universities accounting for 4 percent. 
University expenditures are concentrated in 
research, with basic research accounting for 78 
percent of expenditures and applied research 20 
percent in 1972. This pattern of funding 
distribution persisted with only minor changes 
throughout the 1961-72 period." 

Research expenditures reported by universi- 
ties and colleges come from various non-Federal 
sources, including State governments, indus- 
tries^ and foundations as well as from university 
funds. In 1970 the separately budgeted research 
expenditures from non-Federal sources were 
distributed among major fields of science as 
follows: 

Pcmtii 



Life Sciences 47 

Social Sciences 16 

Engineering 12 

Physical Sciences 9 

Mathematics 5 

Environmental Sciences 4 

Psychology 3 



There was little change in this distribution 
over the 1964-70 period for which data are avail- 
able. (Academic research is treated more exten- 
sively elsewhere in this report,) 



lVoit^:tUtni are ba^ed On a lSla|iu,.a( Science FounJjtion 
survey in lQ72of 50of tht laf>;ostcorporjtior\s in iheUi^ited 

Stales, 

* M.atu>r\*il Science Fouiad-ation^ Ki'mvrftt ^^J^^ DiTvlo;ttrtcnf ia " N.atiisin,il Science FournJjtktn, Nitiiofwt P^ttrrfty W K^D 

iaJu^try NSF Ri\<ottT(rs 1^5}^72, NSF 72-300. 
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Basic Researc 



Basic Research 



Indicators of Ihc stiitc tif b*isic research presenteJ in this chapter are confined largely to the 
resources expended for such dcHvily. Th^se include indicators of the ndtiondl expejiditures for 
fund*imenLil resciirch; levt*ls of biisic resciirch in universities iind colleges, Ft*deriil liibor*Uorii*s. ,ind 
industry; and trt^nds in cxprnditures amon^^j scientific disciplitu'^. * 

Input nieiisurcs sucli these provide only .in indication L>f llie level of basic research activity, not 
its effectiveness or productivity. A rc^^eiirch t^ffort, niori'<iver may be regiirdcd as either biisic or 
applied, depending upon u'hether the pt^rspective of the sponsor of the rcsorach or that of the 
organization performing; it is taken as the pt>int of reference. Additional uncertainties are preseniedby 
differing treatments of coists associated with basic research* For example* ilie construclit>n c<ists of 
large government-fit^aiiced research facilities such as the National Acceleralcir Laboratory are not 
included as basic research expenditures, whereas NASA space probes include the costs of spacecraft 
and launch vehicles. To compound the difficulty of comparability, industrial firms include in their 
reported expenditures for basic research an <^nnual depreciation cost of the facilities involved, whereas 
Federal laboratories do not include such costs. 



INDICATOR HIGHLIGHTS 



n Basic research expenditures, in current 
dollars^ rose continually during the period 
1960-72, although the rate of growth slowed 
after 1968; in constant 1958 dollars, basic 
research spending in 1972 was approxi- 
mately equal to the 1967 level and some 6 
percent lower than the peak year of 1968. 

D The 1968-72 decline in constant 1958 dollar 
expenditures for basic research wiis least in 
universities and colleges (3 percent) and 
largest in industry (14 percent). 

□ The share of total basic research expendi- 
tures used by the different sectors changed 
significantly betv^een 1960-72; the universi- 
ties' share increased from 43 to 57 percent, 
while industry's share fell from 28 to 16 per- 
cent. 

D The Federal Government provided 62 per- 
cent of the total 1972 funds for basic research 
in the United States, as compared v^ith 52 
percent in 1960j basic research funds pro- 
vided by universities and colleges rose from 
some 16 percent of the total in the early and 
mid-X960's to approximately 20 percent jn 
1972. 

P Basic research funds (in current dollars) pro- 
vided by the Federal Government increased 
rapidly between 1960-68 but slowed to small 



annual increments thereafter; in constant 
1958 dollars, however, a 10-percent decline 
in funding occurred between 1965-72, which 
included a 16-percent reduction in basic re- 
search funds toindustry,a 10-percent reduc- 
tion to universities and colleges* and a 7-per- 
cent decline for nonprofit institutions. 

□ Total expenditures (Federal and non-Federal) 
for basic research in universities and col- 
leges increased in current dollars between 
1968-72 for 8of 10 major fields J In constant 
1961 dollars, expenditures increased for the 
biological sciences, clinical medicine^ social 
sciences, and psychology and decreased for 
astronomy, physics, chemistry, and engi- 
neering. 

□ Federal funds (in current dollars) for bask 
research in universities and colleges in- 
creased between 1968-72 for all fields except 
astronomy and physics; in constant 1961 
dollars, {undf^di>clined from the 1968 level in 
alt fields except the environmental sciences 
and psychology. 



^ The sciemifjc fi^; Ms ii^ eluded wereasirortomy, biological 
$ci«iKe5/ chemistry/ clinical medidrte^enigirtecrii^/crtvirort- 
mei^tal sci^ncco^ milhematical avid computer ^deiKe^, 
pKysLc^ psydiology/ and the social ^iei^ces^ 
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0 Total funds for bask dnd applied research per 
scientist and engineer in Ph.D.-granting 
institutions declined 15 percent between 
1966-72 in constant 1961 dollars, as a result 
of reduced Federal expenditures and con- 
tinued growth of faculty; research funds per 
scientist and engineer decreased in all fields 
except the social sciences, with the largest de- 
clines occurring in physics (32 percent), 
clinical medicine (21 percent)* and engi- 
neering (17 percent). 

□ The proportion of Ph.D- scientists in 
universities and colleges engaged in basic 
research supported by the Federal Govern- 
ment declined from 69 percent in 1964 and 
1966 to 57 percent in 1970. 

□ Federal support for young investigators 
(those holding a Ph.D, less than seven years) 
in universities and colleges declined to a 
greater extent than support for senior 
investigators; the proportion of young 
investigators supported fel[ from 65 percent 
in 1964 to 50 percent in 1970> versus 73 per- 
cent to 63 percent for senior investigators. 



0 Government expenditures for basic research 
in Federal laboratories declined by almost 20 
percent in constant 1961 dollars between 
1 970- 72> with the largest reductions 
occurring in laboratories funded by the Na- 
tional Aeronautics and Space Administra- 
tion and the Department of Healthi Educa- 
tion, and Welfare. 



0 Current dollar expenditures for industry- 
funded basic research, which accounts for 
only a small fraction of all such research, in- 
creased until 1966 and remained at nearly 
that level until 1972 when they again in- 
creased; in 1958 constant dollars, however, 
expenditures declined by some 17 percent 
between 1966-72. 



D Basic research in industry is concentrated in 
the fields of chemistry and engineering, 
followed by physics and the life sciences. 
Recent declines in constant 1958 dollar 
expenditures for basic research were largest 
in the areas of physics and chemistry. 



■ Basic research is that portion of the InlalR&D 
effort whose primary aim is t^xtending the 
fundamental understanding of man and nature. 
The strategy of basic re^^earcn is determined pri- 
marily by thr structure nf science itself whirh 
indiCcites opportunities and possible directions 
for advancing knowledge. Although potential 
applications often underlie and ultimately justify 
support for basic research, such research must 
emanate from the conceptual structure of sci- 
ence itself. 

While the relationships between basic 
research and eventual applications are often 
complex and may involve a considerablt^ time 
interval for realization, there is no doubt thot 
modern technology is increasingly dependent 
upon the fundamental knowledge base. Basic 
science, moreover, provides a pool nf knowU 
edge and understanding which helps in 
determining the most efficient strategy for 
applied research and development, and also 
serves as a source of ideas for new applications 
and for attacking social problems as well. The 
contributions of basic research to the quality and 
variety of our lives are in numerable, and include: 



• Genetics, which advanced ihedevelopmenl 
of hybrid grains, stock br<M?ding, vaccines, 
and medical diagonstic techniques; 

• Chemistry, which produced polyester 
fibers, pharmaceuticals, petroleum refin* 
ing, and pesticides: 

• Physics, which led to the development of 
nuclear power generation, transistors, and 
radioisotope tracers; 

• Electronics, which developed radar, 
magnetic tape recording, heart pace- 
makers, and biomediciil recording tech- 
niques; 

• Mathematics, which helped in the develop- 
ment of computers, multivariate analysis 
techniques, systems analysis, and simula- 
tion models; and 

• Social Sciences, which devised polling and 
survey methodls. national income and prod- 
uct accounting, cost-benefit analysis^ apti- 
tude testing, and economic input-output 
modeiss 
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Fin^illy. h^stc research is an essential p^irt of 
education. It is not only an integral element of 
advanced education in the sciences and engi- 
neering but its findings constitute the objective 
knowledge of the physical and social world 
which is part of the education of the population 
as a whole. 

Whether for educational and cultural 
purposes, for technological and social reasons, or 
for the sheer intellectual understanding basic 
research provides, the health and vitality of such 
research is a matter of national significanre. 



RESOURCES FOR BASIC RtSEARCH 



Expenditures by Performer 

Expenditures for the support of basic re- 
search are used here as an indicator of the level 
of this activity. Figure 21 sKows total expendi- 
tures, by year, for basic research in the United 
States and the portions of the tota! performed by 
the various sectors of the research community. 
In terms of current dollars, expenditures ;n- 
creased progressively during the 1960-72 period, 
although the rate of increase slowed after 1968. 

Instead of the continuous rise in basic research 
expenditures depicted by the current dollar 
curve, expenditures expressed in constant 
dollars peaked in 1968 and declined almost con- 
tinuously thereafter (figure 21). The net result is 
that 1972 expenditures were almost equivalent 
(in constant dollars) to the 1967 level and some 6 
percent smaller than the peak year of 1968. 

The small growth in current dollar expendi- 
tures after 1968 was not sufficient to offset the 
**ffects of inflation, in any of the five sectors. The 
'968-72 decline in constant dollar expenditures 
tor basic research was largest in industry (14 
percent) and smallest in universities 3iid colleges 
(3 percent). 

The share of the total basic research expendi* 
tures used by the different sectors changed 
significantly between 1960-72. The universities 
increased their share i om 43 to 57 percent, 
while industry's share fell from 28 to 16 percent 
and that of the nonprofit institutions declined 
from 9 to 6 percent. The share of the Federal in- 
house programs rose from 12 percent in 1960 to 
14 percent in 1972, whereas the Federally 
Funded Research and Development Centers' 



(FFRDC) share remained approximately con- 
stant at about 7 percent. 

Expenditures by Sources 

It should be noted that for three of the sectors 
reported— the Federal Government, universi- 
ties and colleges, and other nonprofit institu- 
tions—the definition of basic research stresses 
that it is directed toward increases of knowl- 
edge in science with "... the primary aim of the 
investigator being ... a fuller knowledge or 
understanding of the subject understudy, rather 
than a practical application thereof."- For the 
industrial sector, in order to take account of an 
individual industrial company's commercial 
goals, the definition is modified to indicate that 
basic research projects represent "original 
investigations for the advancement of scientific 
knowledge — which do not have specific 
commercial objectives, although they may be in 
fields of present or potential interest to the 
reporting company."^ 

Using these definitions, the total funds for 
basic research supplied by these sectors are 
shown for the period 1960-72 in current and in 
constant dollars in figure 21. It can be seen that 
the Federal funds increased rapidly during the 
1960-68 period, but then slowed to small annual 
increases, which convert to decreases in con- 
stant dollars. 

As calculated from these data, the Federal 
Government provided 62 percent of the total 
funds for all U.S. basic research conducted in 
1972; this proportion has changed little since the 
mid-60's after rising from a level of 52 percent in 
1960. Basic research funds provided by universi- 
ties and colleges rose from some 16 percent of 
the total in the early ancJ mid-1960's to approxi- 
mately 20 percent in 1972 (figure 2l). The 
largest proportional change occurred in 
industry-funded basic research, the share for 
which declined steadily from a high of 25 per- 
cent in 1960 to only 13 percent in 1972. 

Fe(leriil Expemiifures. Basic research expendi- 
tures hy the Federal Government are shown in 
figure 22 for the five performing sectors. Federal 
support of basic research in universities de- 



- Nfation^il Science Found^ilion^ Naiintuil P,jUrniii it/ ili^D 
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Figure 21 

Basic Research Expenditures, 1960-72 
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dined by some 10 percent, in constant dollars, 
for the period 1^68-72, whi)e Federal support of 
its own basic research decreased 6 percent m the 
same period. Also affected in this period were 
industry and nonprofit institutions where the 
reductions in Federal funds were 16 percent and 
7 percent/ respectively. 

Six agencies of the Governmen t supply almost 
95 percent of all Federal funds for basic research 
(figure 25). About 50 percent is provided by two 
of them — the National Aeronautics and Space 
Administration (NASA) (31 percent) and the 



Figure 22 

Federal Expenditures for Basic Research, 
by Performer, 1960-72 
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Departmen t of Health/ Education, and Welfare 
(HEW) (20 percent). The proportbn of total 
Federal funds for basic research provided by each 
of the several agencies during the 1960-72 
period changed significantly. Chief among these 
were (a) the growth of NASA's share from 16 
percent in 1^60 to 31 percent in 1972; (b) the de- 
cline of the share of the Defense Department 
(DOD) from 28 to 11 percent— a shifl whirh 
occurred concurrently with the growth of 
NASA's share; and (c) the decline in ihe A tomic 
Energy Commission's (A EC) share from 17 to 11 
percent. The 1^67 decline in basic research 
obligations for DOD and AEC appear to ac- 
count largely for the reduced rate of growth in 
overall Federal expenditures for basic research 
which occurred in 1^68. 

As noled earlier, NASA provides more funds 
for basic research than any other Federal agency. 
Theentire activities of that agency, however, are 
considered as either R&D or support of R&D 
(outlays for construction of facilities). The latter 
now comprises less than 2 percen t of total out- 
lays, and has never exceeded 14 percent. NASA's 
obligations for bosic research (as well as for 
applied research and development) include ihe 
related costs of spacecraft, laun^^h vehicles, 
tracking and data acquisition, and the pro rata 
cosis of ground operations and administration. 



BASIC RESEARCH 
IN UNIVERSITIES AND COLLEGES 

Estimated expenditures for basic research in 
universities and colleges are shown in figure 24 
in both current and 1^61 dollars, for selected 
scientific fields.^ (Expenditure data for years 



* N*iiion;>l Sci(*nce Foundation. TfMal fumh for Rt'^fttrch. 
Drveiopmoti atiH fillirr Sticniific Ariivitirf. Vv>i. XXI NSf 72-31 7. Jn 
press. 

* The recently developed Academic R&D Pria* ln6ex {A 
Pritf \mtn for Drftathn of Acaticmu RitD Expfudilurr^. National 
Science Foundation/ NSF 72-310) ivas used to convert 
current to constant dollars. The conversion^ tt should be 
noted* may not fully reflect increases in indirect costs which 
reduce the actual level of research; these costs appear to have 
increased at an even faster rate than direct evpenses* as 
shown elsewhere in this report. 



The estimated rYl^73 Federal obligations (in 
Current dollars) for basic research indicate an in- 
crease of almost ^ percent over the obligation 
level of FY 1^72, which in turn represented a 12- 
percent increase over FY 1971.*^ The increase in 
basic research expenditures in FY 1^73 is ex- 
pected to be less than obligations. 
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Figure 23 

Federal Obligations for B^sic Research, 
by Supporting Agency, FY 1960-72 
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prior to 1964 are not available,) The 10 fields 
represenled in figure 24 form three groupings in 
respect to the relative growth of expe;iditures 
between 1964-72: fields recording the largest 
growth were the social sciences^ environmental 
sciences, and psychology; fields with an inter- 
mediate level of growth were biological sciences, 
mathematical and computer sciences, engi- 
neering, and clinical medicine; and those with 
the smallest growth were chemistry, astronomy^ 
and physics- 

Current dollar expenditures for all fields— ex- 
cept mathematical and computer sciences — in- 
creased from 1970 to 1972, In constant 1961 



dollarSf howeven expenditures for 1972 de- 
clined or remained essentially unchanged from 
their 1970 level in physics, chemistry, 
astronomy^ and engineering as well as jn the 
mathematical and computer sciences. The de- 
clines were due principally to reductions in 
Federal expenditures for basic research* as 
shown in figure 25. Current dollar expendi- 
tures by the Federal Government increased 
between 1970-72 for all fields except physics and 
the mathematical and computer sciences. In 
terms of constant dollars^ however, 1972 Federal 
expenditures were lower than 1970 expendi- 
tures in 6 of the 10 fields* with the largest reduc- 
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Figure 24 

Estimated Expenditures for Basic Researctt in 
Universities and Colleges, by Field of Science, t964-72 
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Estimateil Teileral Eicpenilittjres for Basic Research 

in Universities and Correges, by fiM of Science, T964 72 
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tion (16 percent) occurring in physics. Federal 
funding for the Utter field decreased by some 25 
percent between 1966-72. 

In view of the declining research expendi- 
tures coupled with increased costs of per- 
forming research and a larger faculty body, some 
change in the involvement of academic staff in 
research is inevitable. One aspect of this change 
is indicated in fif^ure 26. vvhtch presents the 
funds for applied and basic research per scien- 
tist and engineer (excluding graduate students) 
in Ph.D. -granting institutions. (These institu- 
tions accounted for 96 percent of all academic 
research in 1972jThe 1972 level of such funds 
was 15 percent lower than in 1965, in terms of 
1961 dollars. This reduction is attributable to the 



F»Kure 26 

Federal and Non-FederaJ Research Funds 
per Scientist and Engineer in Doctorate- 
Granting Institutions^ 1964-72 
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declining level of Federal funding between 1963- 
72. coupled with the increasing number of scien* 
tists and engineers in these institutions; Federal 
research funds per scientist and engineer de- 
clined by 24 percent during the 1968-72 period, 
in contrast to the relatively unchanged level of 
support from non-Federal sources- 

The individual fields were affected somewhat 
differently by the combined changes in the levels 
of funding and scientific and engineering^ man* 
power* as shown in figure 27. (The fields of 



Figure 27 

Research Expenditures perScientist and 
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Figure 28 

Proportion of Ph*D. Academic Staff in Science 
Receiving Federal Support and Engaged in 
Basic Research, by Fietd, 1964 70 




astronomy and envirt>nmcntnl sciences are not 
Included because of the lack of acceptably relia- 
ble data.)'^ Although theovt^all trend is a reduc- 
tion in the level of research support per scientist 
and engineer, the funds for some fields declined 
much more than others. Research funds per 
physicist, for example, declined by 35 percent 
between 1966-72, while funds per social scien- 
tist changed little even though the number of 
such scientists increased rapidly. 

The number of scientists and engineers en- 
gaged in research and development (on a full- 
time-equivalent basis) declined slightly between 
1969 and 1971. This may lepresent a reduction 
in the average time devoted to R&D by the staff 
as a whole and/or a reduction in the number of 
staff engaged in any R&D at all. The available 
data are not sufficient to resolve this ambiguity. 
Moreover, it is generally difficult to accurately 
separate the time devoted to research from other 
academic activities. 

The proportion of the Ph.D science staff in 
these institutions receiving Federal support and 
engaged in basic research is shown in fi^iure 28 
for several scientific fields.^ The figure indicates 
that the proportion of Ph,D. academic staff who 
were wholly or in part supported by the Federal 
Government and devoted some portion of their 
time to basic research^ was 57 percent in 1970. 
down from 69 percent in 1Q64 and 1966. The 
largest decreases were in mathematics, chemis- 
try, psychology, and physics. 

Research support for young investigators^ is 
of particular interest as an indicator, since the 
progress and quality of future research and 
innovation depend increasingly on individuals 
from this group. Federal support for young 



' It should be noted that the tonsidt^rjblr vah^tion in thv 
level of fundin^^ -imor\g fields rt'fle^'t;;, tirrum^ tit her fpieturs. 
differences in the t^>st of resecirth dissociated with each field; 
some fields, for exiimple, require extensive equipment for re- 
SCiirch while others require little. 

" ImluJed Are Ph.D.'s employed by JCMdemii." institutions 
who indic*»ted that Ixisic resetirch wtis \bcir first or sec<md 
work activity. In 1*^70, these persons imoun^ed for iibout 7S 
percent of ;ill academic Ph.D.'s. 

" Tht^st' datci Ate based on respons^^s to the National 
l^e^^isrer of Sdentjfic and Technical Personnel for the years 
T<364, 1966, lQ68,and It isestiinatt-d that I he respi>nses 

account for approximately 60 percent of the Ph.D. scientists 
employed by universities and colleges. 

Defined as th<>se employed by rollej^es and universities 
who have held the Ph.D. less than seven yf.Mrs and who re- 
ported their primary or secondary work activity as basic 
re sea rch. 



investigators engaged in basic research de- 
creased in recent years, falling from 64 percent 
in 1964 to 50 percent in 1970 (figure 19). While 
the proportion of senior investigators receiving 
such support also declined, the reduction was 
not so large as for the young investigators. 
Moreover, proportionally fewer young re- 
searchers obtained Federal support in certain 
fields (as indicated in figure 30), especially in 
mathematics, social sciences, and psychology, 
where the ratio of young to senior basic re- 
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Figure 29 

Proportion of Young and Senior Ph.D. Academic 
Staff in Science Receiving Federal Supfiort 
and Engaged in Basfc Research, 1964^70 
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Figure 30 

Ratio of Young to Senior ph.O. Academic Staff 
Receiving Federal Support and Engaged in 
Basic Research^ by Field, 1964-70 
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searchers declined between 28 and 18 percent. In 
other Fields, the decline was less than 10 per- 
cent. 

Research at universities cannot be charac- 
terized completely by the parameters discussed 
so fan namely^ manpower ^nd funds. The state 
of basic research in universities must also be 
related to the health of the institutions them- 
selves. This is esp«ci^lly significant since the 
universities have traditionally shared the cost of 
research in their laboratories. The symbiosis 
between universities and basic research makes 
the overall financial situation of the universities 
a cause for concern in assessing the state of 
science^ especially its future prospects. While re- 
search support will not by itself solve the finan- 
cial problems of universities, its decline ha s con- 
tributed to their difficulties, in that research 
grants often carry a number of continuing 
university costs of a long-term nature, such as 
building maintenance* administration/ and a por- 
tion of long*term salary commitments to faculty. 
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Federal Expenditures for Intramural 
Basic Science* 1960*72 
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BASIC RESEARCH 
IN FEDERAL LABORATORIES 

Total Federal expenditures for in-house basic 
research increased over the 1960-72 period in 
terms of both current (259 percent) and con- 
stant (154 percent) dollars (figure 31). How- 
ever, during the 1P70-72 period, expenditures 
decreased by 13 percent in terms of current 
dollars and by 19 percent when expressed in con- 
stant 195a dollars. The declines occurred prin- 
cipally in laboratories funded by the National 
Aeronautics and Space Administration (NASA) 
and the Department of Health. Education, and 
Welfare (HEW). In 1972, the in-house basic re- 
search effort represented 23 percent of all 



Federal expenditures for basic research. Simi- 
larly, it accounted for 14 percent of the total 
expenditures for basic research in 1972, com- 
pared with 12 percent in 1960. 

Data are not available for segreg.^ting the 
activities by field of science, but obligation data 
are presented in figure 32 for the Federal 
agencies which support the bulk of in-hoiise 
basic research. In 1 972, the total Federal obliga- 
tions for in-house R&D were divided among the 
agencies as follows: NASA (29 percent). Depart- 
ment of Defense (la percent). Agriculture (17 
percent). HEW (13 percent). Interior (6 per- 
cent), ^nd Commerce (7 percent). 
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Federal Expenditures for Intramural Basic 
Research, by Selected Ageitcvt 1960-72 
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BASIC RESEARCH IN INDUSTRY 

Expenditures for basic research in industry <i re 
shown in figure 33. In current dollars, total basic 
research expejidiiures incre<ised by 3 percent 
over the period l<?68-72; in constaEit IQ58 
dollars, the decline in overall funding vvaii 14 per- 
cent between 1968-72, which incladed a 16-per- 
cent reduction in Federal funding and a 1 3-per- 
cent decline in industrial support. 

Some 75 percent of all industrial basic research 
was performed by four industries in 1P70; 
chemicals and allied products (36 percent); elec- 
trical equipment and communic^ition (24 per- 
cent); aircraft and missiles (10 percent); and 
petroleum refining; and extraction (5 percent)."' 
There is considerable difference amon^ these 
industries in the percentage of tot<<l R&D which 
is devoted to basic research. The chemical Indus- 
try in 1970 devoted 12 percent of its R&D to 
basic research, as compared with 3 percent for 
the electrical equipment industry^ 4 percent for 
the petroleum industry, and 1 ptrcent for the 
aircraft and missiles industry. 

The principal fields of science in which basic 
research is performed are shown in figure 34 for 
the 1967-70 periods the only years for which 
such data are available. As shown, the fields of 
chemistry and engineering receive almost 65 
percent of all basic research expenditures. A 
major change over the 4-year period was the 
reduction of basic research in the fields of phys- 
ics and astronomy; although the available data 
do not permit the separation of these two fields, 
expenditures for physics presumably accom-ted 
for most of the joint activities of these fields. In 
respect to the industries involved, basic re- 
search performed by the chemical industry 
accounted for almost 80 percent of the life 
science and 46 percent of physical science 
expenditures of all industries. The bulk of 
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engineering? research expenditures vvere by elec- 
trical equipment industries (41 percent) and air- 
craft and missiles industries (21 percent). 
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Figure 34 

Industrial Basic Research Expenctjtiires. 
by Field of Science, 1967-70«»> 
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Science and 
Engineering Personnel 



trcndii in the uHli/ii Hon nf s^iicli pcrj^^nnt*); provide d^it,i tin undcrj;rjdu^ilo ,inJ ^nidu^Uc cnn jlmi^nU 
,ind finonciol suppiirl; depict };rt>\vili p^uUTiis in the }Trc>diJt'tioh sricntisls ,irnl cn>;int*orsi; ond 
measure chiinji^cs in tlitir cniployineni level 

Available dtitii njid firest'iit inethodi*lo>;y did nc>t ^>erniil the development iif i)idii\itc>J!; of the 
qutilily ond prc^dtii of llie N,ilionV stienlJi^ls; nnd enj^jneerSn For the some rtMSon^, it iv*!^ iiot 

possible to devise relitil->le iLidiCL's of the f ulDre denitijid fur ^ind supply of such person nel fc^i' iiu lusiod in 
the present reporl^ Imprc>\'enicnts in hntli d^ita (e,^., heller Mifornnition im ihc utili/atior nf seit^ntists 
and eni^itioers iti non-tiLndemic. r.nn-K&D ,iL'i»\'ities and ^i^e r*ile of inimij;ratiun ,ind emi>;ration of 
r^rs(innel).ind methodology (e.^ , better techniqiie^^ ftir predit lin^ the future sl^iteof ihe ea>m>mv and 
fur anticipating the cmerf^ence of Hiitinniil problems retpiirinj; the services of scicnti*^ls and engineers) 
are rec^tiired foj" nu^re rohable fort^as^ts of the supply-demand sitLiatitm. Ai^ metht>dolopies and data 
series u^ed in pro jeet ions 4I re improvt^d, indicators of supply-demand relalinnyhips will be included in 
future reports of this series. 



INDICATOR HIGHLIGHTS 



D The total pool of active scientists and engi- 
neers in the United States grew by about 50 
percent from 1960 to 1971, rising to some 
1/750/000. The number with doctorates 
doubled during the period, reaching 10 per- 
cent of the total. 

□ Scientists and engineers comprised an in- 
creasingly larger proportion of total civilian 
employment over the last two decades, 
although the extent of the increase in the 
1960's (167 to 210 per 10,000 workers) was 
less than thatdu ring the l950's (93tol67per 
10,000 workers). 

□ The proportion of natural scientists and 
engineers engaged in R&D increased to 37 
percent between 1960-64, but declined 
steadily thereafter This downward trend 
was more pronounced amongacademic than 
industrial scientists and engineers, and re- 
flects the growth in faculty needed for teach- 
ing, as well as the leveling off of R&D funds. 

□ Between 1965 and 1970 the number of 
natural scientists and engineers tn industrial 
R&D declined to the 1967 level, the first such 
decline during the 1960's, 

45 



□ The distribution of scientists and engineers 
among major types of employers changed 
between 1960-70, with the proportion in 
industry declining from 74 to 66 percent and 
the fraction in universities and colleges rising 
from 11 to IS percent, 

□ Total enrollments in high school courses of 
social sciences, natu rat sciences, and mathe- 
matics grew faster than total secondary 
enrollments between 1960-70, with the 
largest increases occurring in psychologyand 
economics and the smallest in physics, 
chemistry, and mathetnatics. Physics was the 
only field in which the proportional growth 
was less than the increase in total enroll- 
ments. 

□ The number of undergraduate students at 
the junior-year level who declared majors in 
physics^ engineering, and chemistry de- 
clined between 1970-71, whereas the 
number declaring jaajors in the applied social 
sciences and professional life sciences in- 
creased significantly. 

□ Graduate enrollments (full-time and part- 
time combined) in science doctorate depart- 
ments declined by almost 4 pertent between 
1969 and 1971, the first such absolute de- 



crease in the l*?60's. Such enrollments in 
science and engineering, a& a percent of totdl 
graduate enrollments, declined steadily from 
38 percent in 1963 to 31 percent in 1970, 

□ The number of full-time graduate students 
in science and engineering; receiving Federal 
support declined by 15 percent between 
1969-71, while thc^&e depending on self- 
support if^reased by 19 percent from a lower 
base. 

□ Annual award? of bachelor s level dt grees in 
science and engineering increased by a factor 
of 2.2 over the 1959-71 period, with the 
largest gains in the social sciences (4.1 times) 
and the smallest in the ohysical sciences (1 .3) 
and engineering (1.2). First degrees in sci- 
ence and engineering, as a fraction of all 
bachelors level degrees, remained essen- 
tially constant at 30 percent, due in large part 
to the rapid growth of social science degrees. 

□ Annual awards of master s degrees in science 
and engineering rose by a factor of 2.5 over 
the 1959-71 period, with the largest gains in 
mathematical sciences (5.8) and social sci- 
ences (3,1) and the smallest in the physical 
sciences (1,9). Science and engineering mas- 
ters degret s, as a fraction of all master'sde- 
grees, declined from a high of 30 percent to 



22 percent in 1970-71, with the largest 
proportional declines occurring in engi- 
neering tind the physical sciences. 

n Annual awards of Ph,D, degrees in science 
and engineering rose by a factor of 3,0 over 
the 1959-71 period, with the largest gains in 
engineering (4.6) and mathematical sciences 
(4.4) and the smallest in the physical sciences 
(2,4), Science and engineering Ph.D. de- 
grees, as a fraction of all Ph,D, degrees, de- 
clined from 62 percent in the mid-1960's to 
58 percent in 1970-71, with the largest 
proportional declines in the physical sciences, 

□ During the last decade, awards of science and 
engineering doctorates, in terms of location 
of high school graduation, became more 
evenly distributed among geographic regions 
of the United States. The proportion, how- 
ever, is almost 50 percent lower in the South 
Atlantic and East South Central regions than 
in other areas of the country. 

□ Uremplcyment rates for scientists and engi- 
neers rose after 1969, reaching 2.6 and 2.9 
percent, respectively, by early 1971. These 
rates—which were less than half those 
reported for all workers — declined to early 
1970 levels hv late 1972. 



■ Substantial changes in the demand fur scitMi- 
tistt; and engint^t^r.s, which may be produced by 
factors ^iich as a redirection in Federal fujidin>; 
or the state of the national economy, may occur 
tiver periods <if from two ur thret- years. Hut be- 
cause scientists and engineers rt^tjuire training 
extending tM-cr several years, seri<in> im- 
balances tif supply and demand, inadotjiuicies of 
training, maldistributions among areas <if 
competence, an^^ similar pniblems m.u' be cor- 
rectes-l only Over a lunger five- to ten-year >p.Jn. 
Therefore, the extended time and high cost in- 
volved in prt^dncing scientists and engineers r-;- 
quire that careful, ct>ntinuoos Mention begii'en 
to the nature, quality, and applicability of their 
professional training. 

CURRENT TOOL OF 
SCIENTISTS ANP ENGINEERS' 

Magnitude 

The total pool of active scientists ajid engi- 
neers in the Unitod States grew by some 50 per- 



cent between l^^ciO and 1*^70, rising from abciut 
1,170,000 to mure than 1 .700,000 (figure 35), (It 
is estimated that by 1071 this number had fur- 
ther increased to ab<ujt l,750,O00J This rapid 
groivth was due to an increase in science and 
engineering degree holders and to the "up- 
grading' of nt>ndegree perscinnel. principally 
engineers. From I ^^oO to 1*^70 scientists and 
engineers ivith diK'torat degrees increased from 
^0.000 to over 170.000, The number of engi- 
neering doctorates tripled during this period, 
while science dnett^rates increased by about 75 
percent. As a result, the percentage of scientists 
with doctoral degrees remained almost con- 
stant during the past decade, while the percent- 



' liitnrm.ll iitn uii thr k Urri-iit nunitiCts, t vprMit rmplt^yt^r, 
fmpliiynn ]i t Otliv]ht'*v, , nf ^tifiitKK ,iiul t■l1^;lt1l■l■T^ miKl 

ififM- ,irr UjuLitt J .uiminlly, it i^r^^1^^1hlt■ In drvt kip I lit^ l.ilp*vl 
ttiiuplt'U' pKlurt- niily J(ir 1*^70, f\f n ihoti^h moiiv pit t nl 
tUi\ mns,iu ,irt' ,iln'.uiy .iv,iil,iMi' \'-K\ UnU oihonvi^f 
nprt ihi J, St irn lists .mil On^^itu^Ts iTu lu Jt> liit^ 11*1 Uj ml st ifii- 
t isK (iTu luJin>; nuithrnuit ki.iiKl. mu mI >i ii^hh^ts, .^mi t ii^i- 
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FigMtt 35 

Distribution of Scientists and Engineers, 
by Broad Flelo, 1960 and 1970 
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age of engineers with doctorates doubled— from 
a low base of Jess than one percent. Iq absolute 
terms more than four times as many science 
(90.000) as engineering (22,000) doctorates were 
awarded JLiring this period. Thus, science 
doctorates as a percentage of all scientists con- 
tinued to be a much larger ratio than engi- 
neering doctorates as a percentage of all engi- 
neers. All told, more than 185,000 scientists and 
engineers with doctorates were working in the 
United States by 1971. 

Another measure of growth is the ratioof the 
number of natural scientists and engineers to 
total civilian employment(figure 36). This ratio 
increased from 93 per 10,000 working adults in 
1950 to 167 in 1960 and then to 210 in 1970. 
Thus, the extent of the growth was greater in 
the 1950's than in the 1960's. 

R&D and Non-R&D Activities 

The relative changes during the last decade in 
the numbers of natural scientists and engineer:? 
engaged in R&D— as well as in the percentages 
of all natural scientists and engineers in 
R&D— have been substantial (figure 37). In 
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Figure 36 

Natural Scientists and Engineers In Relation 
to Tot^l Civilian Employment, 1950-70 
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Figure 37 

Natural Scientists and Engineers Engaged 
in R&D, 1960-70 

rerrpr.T Percent of lotar in R6,o 




1970, for the first time since 1960, the total 
number in R&D decreased. This trend con- 
tinued in 1971, Most of the decline took place in 
industrial R&D and was sufficient to reduce the 
total in this sector to the 1967 level. Not sur- 
prisingly, this downward turn followed closely 
the first reduction in na!ionaI R&D expendi- 
tures (in constant dollars) in the 1960-70 period, 
a decrease felt most in industrial R&D. (See 
figure 14.) 

Another indicator of the downward trend is 
the decline in the percentage of all natural scien- 
tists and engineers engaged in R&D (figure 37). 



This trend began as early as 1964, when it had 
reached a high of 37 percent. The proportion 
then steadily declined lo 34 percent in 1970. This 
trend was more pronounced among academic 
than industrial scientists and engineers. 

The relative declineof the proportion in R&D 
in industry suggests a greater growth of scien- 
tists and engineers in technological operations, 
management/ and other non-R&D activities, and 
possibly a lower priority for R&D in periods of 
slow economic growth. The first factor was 
probably a prime cause for the decreases in the 
mid-I960's/ while the second was dominant at 
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the end of the decade. 

The decline in ihc proportion of academic 
scientists and engineers engaged in R&D, which 
started as early as 1961, was primarily due to the 
i^rowth in faculty needed for teaching; the rapid- 
ly increasing number of college students and, 
secondarily, the leveling off of funds (in con- 
stant dollars) available for R&D. The first factor 
was dominant in the early lP60's, while both 
factors were important in the late 1960's. 

Another noteworthy development of the 
1960's was the increase (from 5 to 10 percen t) of 
those with natural science and enj^ineerinj; 
doctorates in non-academic. non-R&D activi- 
ties.^ This chan^je is especially significant as it 
took place during; a "sellers' market/' ii> which 
the individual scientist or en^jineer could usually 
choose his area of work. This employment trend 
is expected to continue, possibly at an 
accelerated rate, because of expected changes in 
the supply/demand relationship for d^KtOrates. 

The percentage of doctorates involved in R&D 
is considerably higher than for nonddctorate 
scientists and engineers, althouj^h there is sub- 
stantial variation from field to field (figure 38). 
Especially notable are the relatively low percent- 
ages of Ph.D. mathematicians and social scien- 
tists involved in R&D. 

Distribution by Employment Sector 

The percentage distribution of scientists and 
engineers among types of employers changed 
jomewhat during the 1960's/ with a relative de- 
cline in induc-^ry and an increase in universities 
and collef^es (figure 3*'). While the large size of 
industry as an employer tends to obscure rela- 
tive increases in other sectors, figure 39 shows a 
significant growth in the number of scientists 
and engineers employed in univcfj'iUes and 
colleges and other nonprofit instituiions. 

ENROLLMENTS AND 
DEGREE PRODUCTION 

Enrollments in High Schoot Science Courses 

An early indicator of changes in student 
interest in science is secondary school enroll- 
ments in science courses relative to total enroll- 
ment. Figure 40 relates enrollments for 1960-61 

iti^htrfrtiij^ DiHtortitf Sitft'fy ntul UltliZittu^i. NSF 71-20. 
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and 1969-70 to a 1948-49 based index. Overall 
enrollments in science and mathematics courses 
grew faster than total enrollment, with the 
largest growth occurring in psychology and 
economics and the smallest in pl^Y^i^^s, 
chemistry, and mathematics. The above aver- 
age increase in social science course enrollments 
may be due in part to the limited availability of 
such courses in earlier years. Only in the field of 
physics was the growth less than increases in 
total enrollment. 

College and (./niversity 
Enrollments and Degree Production 

EnroiljKcnh. The fraction of first-year college 
students who intend to work toward careers as 



Employment of Natural Scientists and Engineers, by Sector 1960 and 1970 
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research scientists decreased steadily, from 3.5 
percent in 1966 to 23 percent in 1971. How- 
even because of larger total enrollments, the 
absolute number of students intending to 
pursue this career remained at jbciut the same 
leveL Interest in engineering careers decreased 
from 9.0 to 5.3 percent over the same period. 
Although college freshmen frequently change 
their career interests, such changes have been 
generally away from science and engineering.-^ 

This early indicator becomes more significant 
when related to fields selected by junior-year 
undergraduates for their major area of study. 
While total junior-year undergraduate enroll- 
ments increased by 7.6 percent between the fall 
of 1^70 and the fall of 1971, fewer students 
chose majors in physics, chemistry, engi- 
neering, and mathematics/ while basic social 
science, other physical science, and life science 
majors increased; applied social science students 
grew markedly(figure 41). 



* American Council on EducalK>n. f<t(jr Vr^ir* Aftn Cdf/i^jf 
Lttiru. ACE Rvsedrch R^puNs. Vol. 5. nt*. K Morih l^7X 



Similar trends are evident in terms of enroll- 
ments for advanced degrees- Annual data from 
the Office of Education indicate that totalenroll- 
ment for advanced degrees in science and engi- 
neering fields more than doubled bet ween I960- 
70. However such enrollment, as a percent of 
that in all fields, remained constant at about 35 
percent until 1963, before declining steadily to 
31 percent in the fall of 1970- Engineering and 
the physical sciences accounted for most of this 
decline- 
Related data/ though not strictly comparable 
with those of the Office of Education, indicate 
some recent trends in graduate enrollment. Data 
collected by the National Science Foundation 
from 2,579 Ph-D.-granting departments showed 
a decline of 7.1 percent in first-year, full-time 
science andengineeringgraduate students from 
fait 1969 to fall 1971, with most of this change 
occurring in the last year In the same period, the 
number of full- and part-time graduate students 
in these fields declined by 3-7 percent - The over- 
all change in first -year, full-time students 
includes greater-than-average declines in 
mathematics and the physical and social sciences. 
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rigure 40 

Public Secondary School Enroltment tn Selected 
Sciences and Mathematics Courses and Total 
Enrollment in Grades 9 through 12, 
1960'6T and 196970 
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and smaller decreases in engineering, psychol 
ogy, dnd the life sciences, ds shown below. 

Changif in first-year/ rtiLI-time Graduate Enrollment 
in Science and Engineering in Doctorate 
Institutions. 1969 to 1971 

F^Hfnt (hattge J*?t"? to 197J 
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Figure 41 

Percent Change in Majors Declared by 
Junior-Year Students, 1970 to 1971 
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fitiamia! Support. The availability of financial 
support may influence the number of graduate- 
students entering the sciences and engineeriniL^, 
although the measurement of such direct effects 
may be confounded by university efforts to 
provide support for students in all fields of grad- 
uate study. Moreover, there are certainly other 
motivational factors affecting the choice of field 
for graduate education. 

The sources of graduate support for major 
fields of science and for engineerint; are shown 
in figures 42 and ^3. The largest percentage of 
students supported by fellowships, trainee- 
ships, and assistantships is in the physical 
sciences, and the smallest in the social sciences. 
The number of science and engineering student? 
supported by the Federal Government declined 
by 15 percent between 1969-71 whereas those 
depending on self-support increased by 19 per- 
cent (from a lower base). 

Grmiuafc Frotiucfioti. Annual awards of 
bachelor's and first professional degrees in the 
sciences and engineering are shown in figure 44 
for the 1959-71 period. The annual recipients of 



Figure ^2 

Distribution of Full-time Graduate Students in 
Doctorate Departments, by Area of Science and 
Type of Support. 1967^71 
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Figure ^3 

Distribution of Full-time Graduate Students 
in Science and Engineering, by Source 
of Support, 1969-71 
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social science degrees Increased by a factor of 4.1 
over ihe period, well above the growth (2.2 
times) In the total science and engineering de- 
grees awarded at that level. Social science de- 
grees—as a proportion of all first degrees in sci- 
ence and engineering— rose from about one- 
fou- th in 1959-60 to almost one-half In 1970-71. 
Thv annual production of graduates In the life 
and mathematical sciences Increased by factors 
of 2.2 and 2.4, respectively, over the period, 
whereas those receiving degrees in the physical 
sciences and engineering rose by factors of only 
1.3 and 1-2, respectively. 

First degrees In science and engineering, as a 
fraction of first degrees in all fields, remained 
essentially constant at some 30 percent between 
1959-71. The large increase in the annual 
recipients of social science degrees was responsi- 
ble for maintaining the fraction at a constant 
level; engineering degrees, as a proportion of 
degrees in fields^ declined continuously fn^m 
9,6 percent to 5.1 percent during the period, and 
the physical sciences fell from 4.1 to 2.4 percent. 
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AnnUt'i] awtirds of inastcrV dc>;rccs in siiciict* 
tind cn^inccriRR tire phtnvn in fi^*urc ^5. Tlic 
number iif these decrees tUVtirdcd (innudlly in- 
creiii;ed by d fdctor t^f 2.5 during t hcjvrind, with 
thp Itirf^est increiisei; occurring in the m.^the- 
mciticcil (3.8) nnd 5ocijl (3.1) scienceii ,ind the 
smtiUe&t in the phy5ic*il scieticos (1 Z'), As *i tvM- 
tion of master's de|;re?s in c^ll fields, sciences ^nd 
eriRinccring decrees declint^d frtini a hij^h of 30 
pertent in l<56^-c>5 U>22 percent in lP70-71.The 
largest propyl rlioritil declines were in en^;i- 
nccrinj^ jnd the physical *ind life sciences;. This 
mjy indicate thiit reLitively fewer persons were 
seeking ddvnnced decrees in these fields, or thdt 
there is d trend lowMrd wtirkin^ directly for the 
Ph.D. 

AnnUtil a Weirds of Ph.D. degrees tiro presented 
in fij;iiro A<\ The ^rejte^t >;rovvth occurred in 
en^ineerinj;, which mre^sed by <i f^ictorof 4.t>, 
^nd in the m^thenridtic/ij sciences (4.4), both t^f 
which exceeded the 3.0 increase for tot^l Ph.D. 
degrees in science ^nd engineering. The life Jnd 
social sciences increased by factors of 2.<5, ^mi 
the physical sciences by 2.4. As a percentage of 
Ph.D. degrees in .ill fields, the .innu^l recipients 
of doctorate degrees in the sciences and engi- 
neer! nj^ declined from a hij^h of 62 percent in the 
mid' 1 960 s to 58 percent in 1970-71 .The iar^^est 
proportional declines were in the physictil 
sciences. 

The r^pld growth ot recipients of science tind 
engrneering dtgrees is not ^ development 
specific to science. EvPn in the case of the Ph D. 
degree, where the growth rate was greatest, the 
ratio of science to nonscience Ph.D.'^ Vijs re- 
mained almost constant since the early l<520's. 
Furthermore, the rapid growth rate is not so!j?ly 
a matter of advanced education- A large part i^f 
our modern 20th-century society t'xhtbits the 
same r*ipid growth; this appears in such areas 'is 
the annual production of books, telephones in 
use, production of electronic systems, consump- 
tion t>f electricity, and u^e of raw materials. 

While growth rates in science and engi- 
neering degrees granted during the 1960's were 
substantial 'hey at rnost kept pace with degrees 
granted in other fields. Actually, first degrees in 
natural science and engineering — and nearly all 
ad\ranced science and engineering:; 
degrees — grew more slowly than degrees in all 
other fields combined. The relative decline has 
been most pronounced for fjrst and masters 
degrees in engineering an d for doctorates in th e 
physical sciences. Taken as ^ whole, these indi- 
cators point to a relative decline In students 
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Figure 45 . ^ . 

Master's Deeroes in Science and Engineering, 
1959^ to 1970^71 
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Doctor's Degrees In Science and Engineering, 
19S»«0 to 1970^71 
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mdjoring in science cind enj;inccrin>* fifld&, 
ihoiigh ihe tibsuliitc numbers of those who si\ 
choose iirc still incre<isi[ij;, 

Doctorate Awards by Geogrjiphic Region 

Fi>;un^ 47 shows science ^ind cn^^int'crin^ 
Ph,D/s nw.irdcd in tt-rms of the ^ct^^niphic 
r(?j;ion of hii;h school ^rndiinlion in rcLuion lo 
the popii lilt ion of I hose re>;ions. This nitio varies 



considerably with New En^lnnd. ihe Middle 
AtLintic. West North Central, <ind Mount^iin 
regions showing larger proportions, while the 
Sooth Atlantic and Ejist South Central rej;ions 
<ire lower by almost 50 percent. This indicator 
shows an uneven pattern of pursuit of advanced 
education (to the doctorate) anioJi^ hij;h ;,chot>l 
graduates, a)tht>ugh some pro^^iess was madt^ \ n 
reducing these regional differerues during the 
last decade. 



Geographic Origins, by High School Graduation, of Ph,D/s in Science and Technology, 1970 
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SUPPLY AND UTILIZATION 

Unemployment 

For mcist of the 1^60'^ the produvtioii of new 
scientists nnd on^inccrs could not m^itch the dc- 
niiind fnr their services. In recent ye^irs. how- 
ever, ihedcniiind for scicntUts^ind cngint^ers de- 
clined as *i result of several converging factors: 
R&D funding (in con4;t*inl dt^llars) declined on 
the average by 1 percent per year between 1967 
and l<J72,due primarily loan average annual de- 
cline of 3.3 percent in Federal R&D funding; con- 
currently, the Mat ion underwent a f*iirly steady 
period of inflation, reduced econtimic growth; 
and less emphasis on space and defense. 

However, because of the long timelags in the 
response of the educational system, the produc- 
tion of scientists and engineers continued in 
spite of the fall in demand, creating a supplyMe- 
mand mismatch. Unemployment of scientists 
and engineers acceK-rated from 1<J69. reachinj; 
about 2.6 percent for sr'^ntists nnd 2.9 percent 
for engineers by early 1971 (figure AS). National 
Science Foundation surveys show that 
unemployment in 1971 was more severe for 
engineers than for scientists, as indicated in 
figure 49; that, generally, those with higher de- 
grees were less likely to be unemployed; and that 
younger scientists and engineers were most 
adversely affected. Unemployment rates were 
more severe in th e defense and aerospace areas 
and in specific disciplines such as physics. Among 
unemployed scientists and engineers, defense 
(11 percent) and space-related activities (4 per- 
cent) were most freo*"*ntly cited as the last areas 
of employment. 

Although there was ^ relative increase in the 
unemployment of scientists and engineers, the 
base level for such a comparison was low. Even 
with the large relative increar^es up to 1971 the 
overall science and engineering unemployment 
rate was still only about half that for a II workers. 

The unemployment situation has improved 
somewhat since then. The unemployment rate 
for scientists and engineers declined in 1972, as 
has that for all professional workers, and 
employment prospects for new graduates were 
reported as better in 1972, although still not as 
good as those in the niid-1960's. 

Underemployment 

Although unemployment has been relatively 
small the change from a "sellers' market" to a 
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Figure 48 

Unemployment Rates. 1963*72 
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"buyers' market" has tended to produce under- 
employment— employment that fails to fully 
utilize the training of scientists and engineers. 
Although a real problem, underemployment is 
difficult to assess since "underutilization of 
training" is a subjective judgment. Some indica- 
tion of underemployment of new Ph-D/s can be 
inferred from a survey of university depart- 
ment chairmen conducted by the National Re- 
search Council.^ The survey found that in 
January 1971, 1.2 percent of new (1968-69) 
Ph.D/s were listed as employed in positions that 
did not make appropriate use of their graduate 
training, and that this percentage was double 
that reported the year before. 



* Nalmnal Research Council^ £rr|jWrv»f Ntn- Ph.O/t. 
JWJif/j>rn/5 fti W7r W;ishinj5tt>n, D.C.. 1071. 
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Figure A9 

Unentployment ?ates for Scientists and 
Efteineers, by Age Group and Hfghest 
Deereet 197t 
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Holding Actions 

Several other factors should be considered in a 
review of employment. For most of the 1960 s, 
the percentage of those who planned to con- 
tinue their training [mmediately upon receipt of 
their science and engineering Ph.D/s remained 
essentially constant except for those in the life 
and physical sciences* who showed a steadily in- 
creasing tendency toward postdoctoral study 
(figure 50). Then^ in the late years of thedecade, 
the fraction of all Ph.D/s taking postdoctoral 
study increased somewhat.^ This may> in part^ 
have been an early indicator of the shrinking 
employment market for scientists and eng]- 



s The sharp increases shown if^ flf^ure sO betw^n t96B 
and 1969 aremistfading because of changes in defmitions Jn 
postdoct orate sliidy. Howeven analysis of the data Indicates 
increases in the proportion over earlier jrears. 



neers. The number of science and engineering 
Ph.D/s in temporary postdoctoral study was still 
increasing in 1971. The availability of post- 
doctoral study thus provides a number of new 
Fh D/s with an alternative to 'Employment 
competition and 5t lea&l temporarily helps re- 
lieve pressure on the labor market. 

A related matter is the length of time between 
receipt of the bachelor's degree and the doctor- 
ate. The median time had been decreasing in 
almost all fields when> in 1968-69, it started to 
rise again in the physical sciences^ mathematics, 
engineering, and the life sciences (figure 51), 
This may be due in part to graduate students 
attempting to prolong their study because of the 
scarcity of jobs. 

Age Distribution 

Without a flow of young people into science 
and engineering, creativity in these fields would 
tend to decline overall* as would be the case in 
any profession. In the last decade or so, the 
number of scientists or engineers* particularly 
the doctorate population* has grown substan- 
tially. Therefore, with this large flow of new en- 
trants the average age has not risen; for doctor- 
ates it has actually declined. 

Based on current and projected degree produc- 
tion and projected growth in employments it 
appears that the average age of the science and 
engineering population will not rise sub- 
stantially in the coming decade. However* even 
though the overall average age may not change 
markedly, the proportion in the younger age 
groups will decrease significantly unless recruit- 
ment of new young talent continues. 

Other Changes 

As mentioned previously, the deployment of 
doctorates into nonacademic^ non-R&D activi- 
ties increased during the 1960's. This trend in- 
creased during the most recent years, as supply 
expanded relative to demand. Similarly, in- 
creased employment of doctorates was evident 
in junior and community colleges, as well as in4- 
year institutions. The number of doctorates em- 
ployed full time in the former institutions in- 
creased nearly twice as fast as all science and 
engineering staff between 1969 and 1971^ with 
the result that the proportion of full-time staff 
holding doctorates increased from 8.& to 10.6 
percent in 2-year institutions.* 

^ National Science Foundation. Resources fdr Snmiifir 
AriiViiies ai Uaitvrsiiies and Collrges. 19?}^ ^Sf 72-315. 
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Figure 50 

Percent of New Science and Engineering 
Ph.D/s Planning to Engage in ''further 
education or training" or "postdoctoral 
study/' by Field, FY 1960-71 1>> 
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Figure 51 

Median Number of Years from Baccalaureate 
to Doctorate of Doctorate ftecinients in 
Science and Engineering, by Field, FY 1960-71 
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Institutional Capabilities 
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Institutional Capabilities 



ThiM.'li,ipter presents iridiLMtors t>f ihcsMtt^of \hv instiUdiiintil sy^lt^n of scicnrtMiid ttrhnologv- 
TliPindtct^s inL'ludL^ tisprt l^of ihc iiifr,ist rurhirr i[U i>Ivt^d in t r.iiniii>; SL'icll^^l>t^ rindtMj^inocrs; lypt'Siind 
ni[mhtM> oi i>r^^^\^l/M\nn^ cngaj;tni in R^StH; uu;ipiKsit ion ,nui pJ^tn■n^of t'onctMilriUiohs Liintin>; tht'SO 
tirj;ani/4itions; ^ind ^^p^ndituro^ ior it^st^jnh cqiiipnu^il anJ facilitit^s. IndtcaU^r^ uf these srvcVtii 
asp(H"ts tire prosontcd in iUv amU^Nt of tho sysltnii of in^ljlutitins--a*l[c*);t's ^ind uni varsities, FtnitTjl 
inslalLuioni;, and industry— vvilhin uhicli the bul!v of trainiiij; hTIiJ R&I) is .u aim [>lii lied. 

The prc^t>nl hidiuitors in this area ,ire inenmplett* in sevtT^il respeets, primarily bee.ujse o('tht> Liek 
t^f current and/or detailed information. Nc^ indieators are presented ft^r ruMiprofit institutions or for 
local j^ovTrnmcjU; onlv fraj^mentarv and dalt^d infc^rnution was available tai Mie nudiber, si/e, and 
activities of Hederal in^^tallalinns; indicators iif industrial R<SiD are limited to relatively ag>;rej^ated 
aspta'ts of expenditure and manj'Knver; and indices of the state nf researcli equipment and facilities do 
nt>t include information on the qu^intity. type, and ut ili/ation scierUific insi rumen ts .i,,d specialized 
facilities. 



INDICATOR HIGHLIGHTS 



□ The number of academic institutions award- 
ing degrees in science and engineering in- 
creased from some 1,100 in 1960-61 to 
almost 1,300 in 1969-70, with the largest in-^ 
creases occurring in institutions which 
awarded master's and Ph.D, degrees. 

□ Doctoral-granting institutions employed 
almost 75 percent of all academic scie^^tists 
and engineers in recent years, and awarded 
more than SO percent of all master's degrees 
in science and engineering and more than 50 
percent of the bachelor's degrees. 

□ The 20 institutions awarding the most Ph.D. 
degrees in science and engineering accounted 
for a decreasing fraction of all such degrees 
awarded, down from one-half of the total 
awards in 1963 to two-fifths in 1971. Science 
and engineering graduate enrollments in 
these Institutions declined proportionally 
over the period. 

□ Private doctoral institutions awarded a de- 
creasing proportion of all Ph,D. degrees in 
science and engineering, falling from 41 per- 
cent of the total awards in 1963 to 34 per- 
cent in 1971. Science and engineering grad- 
uate enrollments in these institutions peaked 
in 1969 and declined thereafter, in contrast to 
the continued growth of such enrollments in 
public institutions. 

□ New doctoral programs in existing doctoral 
departments increased at the net rate of 1 

64 



program per 26 departments during 1970-72; 
plans for 1972-74 indicate a reduction of the 
ratio of new additions to 1:66. The largest net 
increases were in the areas of computer sci- 
ences and psychology. 

□ Expenditures for laboratory equipment, pro- 
vided through research grants from the 
National Science Foundation and major Na- 
tional Institutes of Health, declined between 
1966-71. These expenditures as a fraction of 
total grant funds, fell from 12 percent to 6 
percent during the period. 

□ Federal obligations to universities and 
colleges for R&D plant and major equip- 
ment declined 75 percent between 1965 and 
1971. As a proportion of all Federal obliga- 
tions for academic science, fund.^ for R&D 
plant dropped from S percent to 1 percent 
during the period. 

o A radio astronomy facility (known as the 
VLA) authorized and funded in F'/ 1973 was 
the first new major research facility started 
since 1968, although some 30 facilities, in 
various areas of science, were proposed in 
recent years and evaluated as technically de- 
sirable and feasible. 

□ Federal intramural R&D expenditures in- 
creased throughout the 1961-72 period, with 
the Department of Defense accounting for 
the largest share of such funds, folL*ved by 
NASA, the Department of Agriculture/ and 



the Department of Health, Education, and 
Welf:ire. Together* these four agencies 
accounted for 86 percent of total such ex- 
penditures in 1972. 

Q Federal intramural R&D expenditures* as 3 
percent of total U.S. R&D expenditures* in- 
creased from 13 percent to 16 percent 
between 1960-72, while the number of scien- 
tists and engineers (fulJ- time-equivalent) en- 
gaged in such R&D rose from 12 to 13 per- 
cent of the U.S. total between 1961-71. 

o Large industrial companies {5*000 or more 
employees) employed an increasing propor- 
tion of the total industrial R&D personnel 
between 1963 and 1971 (up from 79 percent 
to 85 percent)* while the share for small 
companies (less than 1,000 employees) de- 
clined from 10 percent to 6 percent. 

a The R&D intensiveness of U.S. industry* as 
measured by the ratios of R&D expendi- 
tures to net sales and R&D scientists and 
engineers to total employment, increased 



between 1960-64 but declined thereafter to a 
level in 1970 which was lower than in i960. 
The largest declines occurred in the most 
R&D intensive industries. 

D The R&D intensiveness of manufacturing 
industries declined by some 25 percent 
between 1964-70 in the five most R&D- 
jntensive industries, and remained essen- 
tially unchanged in other manufacturing 
industries during the 1960-70 period. 

D The R&D intensiveness of nonmanu- 
facturing industries increased by 50 percent 
between 1960 and 1966, but remained con- 
stant thereafter through 1970. 

D Industrial R&D is concentrated in relatively 
few manufacturing industries and in a small 
number of companies within these 
industries. In 1970* five industries had 81 
percent of the total industrial R&D expendi- 
tures* v^hile accounting for only 48 percent of 
total manufacturing sales* and 100 
companies had some 80 percent of the total 
expend] tu res. 



■ Scientific ^ind technological iirtivitios arc per- 
formed t hrouj^h a mutually complementary 
system of institutions ^ind asscH:iated humiin re- 
sources. The system of institutions consists 
principally of colleges and universities^ which 
^ jth tniin scientists and engineers tint! perform 
research; Federal liibor<itories. which, focus pri- 
marily on resCiirch and developmerii dtrtu \\y re- 
lated to their respective missions; and private 
industry^ which a>nduc ts research -ind develop- 
ment ie^iding tu new and impnived technology* 
processes^ and products. Thecharacteristirs and 
capabilities of this system Ciin be described in 
terms of the types of institutions involvedy the 
activities they perform, and the effectiveness 
with which the education iind^>r R^D func- 
tions arc carried out. 

SCIENCE AND ENGINEERING EDUCAHON 
General Institutional Capabilities 

Higher education in the silences and engi- 
neering grew rapidly throughout the past dec- 
ade. The number of colli?ges and universities 
awarding science and engineering degrees <n 
each year between 1961-71 is shown in figure 



52. The iTiiijor growth was in institutions wh ich 
gninted the master's and Ph.D. degrees; their 
numbers increased by 57 tind '15 percent, respec- 
tively, institutions 4it the bachelor's degreelevel 
failed to show the same systematic growth, in 
part because of the widespread evolution of 
these Colleges into higher level institutions. 

Scient ists and engineers employed by 
universities and colleges Are concentrated in 
dtKt oral-gran ting institutions. In 1971 these 
institutions employed almost 75 percent of all 
academic scientists and engineers^ a fraction 
which remained essentially unchanged during 
recent years' (figure 53). The institutions 
awarded more than SO percent of all masters de- 
grees in science and engineering and more than 
50 percent of the bachelor s degrees during the 
1964-70 period (figure 54). 

Patterns of Growth in Doctorate Institutions 

Institutional capabilities for graduate 
education in science and engineering grew in 
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Figure 52 

Number of Institutions of Higher Education 
by Highest Degree Aw ^^fd in Science and 
Engineering* 1960^1 to 1970-71 
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Figure 53 

Scientists and Engineers^'^ Employed by 
Universities and Cofieges, ISGS-?! 
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two ways: the number i.>f K^idu^ite -level institu- 
tions increased and existing graduate institu- 
tions expanded their graduate programs. Some 
aspects of the (;n)wth pattern of doctoral institu* 
tions are shown in the following tables* 

The first table shows the growth in the 
number of Ph.D. -level institutions and the divi- 
sion of doctorate awards amon^; them. The 
increasing number of institutions are divided 
into three ^^roups, in terms of the number of 
Ph*D. degrees awarded. 

Numbfr of in^iitutions 
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The table shows that the number of 
institutions in each group increased, with the 
largest increase occurring in institutions which 
awarded the smallest number of Ph.D.'s. 
Growth in the last group of institutions, how- 
ever, was mati.hed by the expansion of graduate 
programs in the larger Ph.D. -granting institu- 
tions. Thus, in 1970-71 as in 1962-63/ 7 percent 
of the institutions produced one-third of all sci- 
ence and engineering Ph.D.'s, 15 percent pro- 
duced the second third, and 78 percent pro- 
duced the remaining one-third of the Ph.D/s, 

The proportion of full-time graduate students 
enrolled in the three groups of in^stitutions over 
the 1962-71 period are shown in the following 
table. 
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Science anfl Enein^erine Decrees Awarded at Baccalaureate* Masters* 
jnfl Doctorate Grantini Institulivns* 19&3-e4 ^nd 1SG9 70 
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This table shows the close correspondence 
between the proportion graduate students in 
the three groups of institutions and the propor- 
tion of Ph.D/s produced by them.- Similarly, 
there was little change over the jjeriod in the 
proportfonat dtstrtbutbn of students among tht? 
three groups of institutions. First-ye>:, full-time 
graduate students shows a similar division and 
cotistancy among the groups of institutior*. 
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Other patterns of growth are indicated by 
using a different method of grouping institu- 
tions; nam5*)y, the first 20 institutions ranked in 
terms of numbers t>f Ph.D. s awarded, the next 
20 institutions/ and all other doctorate-granting 
institutions. 

The individual institutions included in the first 
two groups changed in rank considerably 
between 1962-63 and 1970-77 as shown in the 
table on page 68. Institutions in these groups 
generally have the following characteristics: 
they were usually among the top institutions in 
terms t>f Federal funds received, were thechoice 
of the largest numben^ of Federal fellowship 
awardees, and were generally included among 
the highly ranked graduate departments as cate- 
gorized by t he American Council on Education.-^ 

The increase in Fh.D.degree awards and grad- 
uate enrollments amontt thesegn^^ups of institu- 
tions are shown in figures 55 and 56. Although 
the number of science and engineering 



* The deviation may be due lo a >;ri*ater U>ndency for 
students in the Ust >;touf» of in<;titiilii>ns conclude Iheir 
education with the masters degrwr to transfer ti> larger 
institutions for the Ph.D.i i>r to discontinue grttdtittte 
education. 

J K, D. Roose and C V Andersen, A KrttiHjj t^^ CraAimte 
Pw^rams* American Council on EducatioAi |tJ70. 
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Chai^ges in Ranking of 4D Institutions Conferring the targcsr Number of 
Ph.D/s in the Sciences and Engineering, in terms of Number of Ph.D/s 
Conferred »^ Amount of Federal Obligations Received 
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Figure 55 

Wumbtr of Ph,0, Otgrees Awarded in 
Scitnce and Eneirtetrirte by SelecttEl 
Groups of Doctoratt'Grantins Irtstitutiorts^'i 
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Ertfineerjng Ertrofltd inStltcted Groups 
of Doctoratt-Grantlne Institutions 
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doctorates increased in each group of institu- 
tions, the smallest growth occurred in the first 
and second 20 institutions. As a result of this 
pattern, the proportion of all such doctorates 
awarded by the first 20 institutions declined 
from 51 to 39 percent between 1962-63 and 
Z970-71, as compared with a nearly constant 
proportion of 20 percent for the next 20 institu- 
tions and an increase from 29 to 42 per.vnt for 
the remaining institutions. 

Growth and distribution patterns simitar to 
these occurred for graduate student enroll- 
ments, i 3 shown in figure 56. Total full-time 
enrollments increased overall, although a small 
declim^ was recorded among the first 20 institu- 
tions 1970-71. By the end of the period, the 
share of total enrollments for the first group of 
institutions had declined to 33 percent, down 
from 43 percent in 1962-63. The share for the 
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next 20 institutions fell from 20 to 18 perct^nt, 
vvhcrctis the proportion in other institutions 
rose from 37 to 4^ percent. 

Shifts in the same direction occurred for first- 
yean full-time graduate enrollment. I3y 1*^70-71, 
the proportion of such students in the first 20 
institutions declined to Zo percent, froHi a hi^^h 
of 37 percent in l*?62-63. The share of such 
enrollments in the sect>nd 20 institutions re- 
mained almost constant at about 17 perCenty in 
ct>ntrcist to the proportion in dlt other institu- 
tions which climbed to 54 percent, up from 45 
percent in l*?o2-o3. 

This disfiL^rsion of graduate educiition during 
the List decade is of course a continuation of a 
lon^-run t rend created by the incrc^isein institu- 
tions invt>lved in this kvel of education in sci- 
ence Jnd engineering. 

Private and Public 

Institutions fn Graduate Education 

The responsibility for graduate training of 
scientists and engineers is shared by private and 
public institutions. Despite their smaller 
number, private institutions have everted much 
influence in shaping and enhancing; ^raduatt* 
educ;ition as a whole. 

Tht' number of public institutions ^rantin^ 
the d^Ktoral degree in the sciences and engi- 
neering increased somewhat imore rapidly than 
that of priViite institutions over the lPo3-71 
periody as indicated tn figure 57. In each of these 
years an avemge of five public and three private 
institutions awarded the doctoral de^r<>e for the 
first time. As a result the nurrber of public 
institutions awardin^^ the doctoral degree ex- 
ceeded private institutions by 4 1 in lo71y as com- 
pared with 24 in 1^63. 

While differences in the number of institu- 
tions of each type changed only moderately, 
doctoral graduates from public institutions in- 
creased more rapidly {figure 57). As a conse- 
quence, the proportion of graduates fruni public 
institutions rose from 5P tu 66 percent during 
the period and those from private institutions 
declined correspondingly from 41 to 34 percent. 

When the level of recent graduate enroll- 
ments arc consideredy the diminishing role of 
private institutions is even more apparent 
(figure 58)- Enrollments in private institutions 
peaked in 1969 and declined by 5 percent in l970y 
wfhile graduate enrullments in public institu- 
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tions continued to incredse. By 1970. only 28 
percent cif ihe total science and enj;ineennj? 
graduate students were in private institutions. 
Most of the decline (some 75percent)w*isdt?e tu 
cutbacks in first-year enrollments: these fell by 9 
percent between 1969 and 1970. in contrast to 
such enrollments in public institutions ivhich in- 
crea^^d S percent. 

The largest private institutions, in terms of 
the number of Ph.D.'s produced, had the largest 
declines in first-year enrollments. Of the 20 
largest Ph.D. -producing institutions, public and 
private, 6 are private universities. Of the six, 
only one had an increase in first^year enroll- 
ments; as a group, enrollmetits declined by 12 
percent between 1969 and 1970. Such enroll- 



ments in the 14 largest publicinstitulions^on the 
other hand, rose by 5 percent during the same 
t-me.^ 

Coincident with these recent declines in 
priviite institution enrollments were reductuins 
in Federal R&D expenditures. Such funds Je* 
dined by S percent (in constant dollars) between 
lot>S-7Q for private institutions, but remained 
essentially unchanged for public institutions. 
The magnitude of this decline is of considerable 
significance since 35 percent of research in pri* 
vate institutions is federally supported, com- 
pared with 65 percent for public institutions.^ 

While there are many factors affecting the 
growth and capacity of public and private 
institutions, a fundamental one appears to be the 
pervasive and worsening financial condition o' 
these institutions. 

Growth of 

Doctoral Programs: 1970-74 

A survey was conducted by the American 
Council on Education of doctoral departments in 
science and engineering to determine the recent 
and probable future growth of doctoral 
programs. '^Ttie survey indicated that the ratio of 
net additions of such programs to existing 
doctoral departments was 1:26 during 1970-72. 
Plans for the 1972*74 period, however, indicate a 
reduction to 1:66^ i.e., a net gain of one program 
per 66 existing departments. The largest net in* 
creases in 1970-72 iverein the areas of a>mputer 
sciences and psychology. Plans for 1972-74 indi- 
cate the greatest relative increase will again be in 
computer sciences. 



RESEARCH EQUIPMENT AND FACILITIES 

Research instrumentation and modern labora- 
tories are basic tools of s^cience. They provide 
man with his quantitative and most precise 
window on the real world. They ;>ermit the 
study of phenomena otherwise ir.ccessible to 
investigation, provide the means for accurate 
measurement and observation, and facilitate 



J 5pectjl tjbuljtk)n twsed on d^t.a oolkxtcd for ihp 
N^titinJi Science Foundation Tep^trt series. Kjisnimr> hr 

^ N^liondl Science Founditioiir J^ijinc fii^^iu^f^'^ M^^i/jfi; 
HjjfMrdf/s. "Chjnges in Crjdudt^ Pro>ir.)niij in 5ciences und 
EnfiineerinK 1070-72 ^nd 1072-74 " July 21, Jo7a<NSF 7Z* 
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data collection and analysis. Sophisticated equip- 
ment is now a prerequisite for significant re- 
search advances in most fields of science. The 
excellent instrumentation available in the 
United States is generally regarded as a prime 
factor contributing to the leading position of 
American science. Since the requirements for 
instrumentation are constantly changing with 
progress in science^ a continuing investment is 
necessary to maintain the c]uality of this basic 
tool. 

The Federal Government is a prime source of 
support for research equipment and facilities. 
This includes basic laboratory equipments as well 
as major equipment such as wind tunnels, 
accelerators, reactors, radio telescopes, etc., 
which are used for more than a single project, 
and R&D plant capital grants that fund the 
construction and maintenance of major R&D 
facilities. 



figure 59 

PniportEon of NSF ind NIH(*i Reteirch 
Projtct Grant Funds All^ated for 
P«nn«ntnt Uboritory Equipment, FY 1966>71 
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Research Equipment 

A major source of laboratory apparatus for 
universities and cclleges has been tfie Federal 
system of research grants, which haveoften in- 
cluded funds for laboratory equipment as part of 
the gran ts. Funds for research apparatus from 
this source declined in recenu years/ even though 
the overall grant funds increased, Theextent of 
the decline is suggested by figure 59 which 
depicts the proportion of total project grant 
funds allocated for permanent research equip- 
ment. The data presented here are fragmentary 
tn th ^t only the National Science Foundation 
(NSF) and a part of the National Institutes of 
Health are included;'' they are, however, major 
sources of research equipment funds and prob- 
ably typify the situation in general. 

This figure shows that as a proportbn of total 
project grant funds, support for the purcJiaseof 
permanent laboratory equipment declined by 
one-half— from nearly 12 percent to 6 per- 
cent—between 1966 and 1971, Funds for re- 
search grants/ oi? the other hand/ increased by 
about 15 percent over the same period. 

In the case of the NSF/ the reduced support for 
research equipment appears to have been 
absorbed largely by an upward shift In indirect 



♦National Institute of General Medical Sciences ind 
National Heart and Lung Institute. 
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costS/ as shown in figure 60.^ Salaries and wages, 
as a fraction of total grant funds, changed little 
during the period. 

R&D Plant and Equipment 

The Federal Governmcni has been a prime 
source of support (or major research equipment 
and R&D plant capital. However, Federal obliga- 
tions to universitiesandcolleges for new and im- 
proved R&D plant declined after the mid-19bO'^!, 



' The higher proportion of NSF grant funds for research 
et^uipment in figure 60* over thai sKown in figure 59, is due 
to the inclusion of funds for both permanent and expendable 
equipment in figure 60. 



Ftgure 60 

Distribution of NSF Research Proiect Funds, 
by Type of ExpenditurOf 1964-72 
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Figure 61 

Federal Obligations for Academic 
R&D Plant, FY 1963-71 
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falling by more than 75 percent between 
.ind 1Q71 (figure 61). Federal funds for R&D 
plant, as a fraction of totd I Federal obligations for 
(icademic science, declined from 8 to just t-r 1 
percent during the same peritKi (figure 

Since the effectiveness and, in many in- 
stances, the signific^ince of research depends 
directly upon the dvailability of appropriate tools 
and plant, expenditures for them are js essen- 
tial as expenditures for the performance of re- 
search itself. However, support for these critical 
items has fallen well behind that for research. 



As a percent ol Tederal 
obl^ons for acddemic science 
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Major Research Facilities 

Many fields of science now require large, 
specialized facilities to achieve si^^nificant ad- 
vances and to initiate research in promising new 
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*ire*is. Until the *iuthori/atk")n of the radio 
astrojiomy facility, known as the Very Lar^c* 
Arrciy. in fiscal ye*ir 1P73. no major research 
facilities— those requiring* $5 million or more for 
construction— have been started since the 
Batavia accelerator in Yet nearly 30 new 

facilities have been proposed dnd evaluated as 
technically desirable and feasible in recent years. 
These arc listed in the table btHow atun>; with 
their ^stimtTtCii costs^ There is aji evident need 
for such facilities in many scientific 
fields— physics and astronomy, biolOj^y. and 
environmental sciences as well as enj^ineerin^. 



FEDERAL INTRAMURAL 
RESEARCH AND DEVELOPMENT 

The Federal Government's R<SlD installations 
are enj^aped in a broad array of functions and 
activities, representing* a si^>nificant portion of 
the national R&D effort. Orpani^^ationally and 



pru^* ram mat] chilly, each individual installation's 
orientati<in is primarily to the needs and mis- 
sion of its parent or sponsoring; a^enry. 

Both in theConf^ressand in the general public, 
there is a perceptible view that the Federal 
laboratories should be more widely utilized in 
helping to solve current national problems. Al- 
though Federal agency missions, in one way or 
anotlriL^r, are oriented to meeting* national needs 
and responsibilities, there are no national R&D 
installations which are independent of a partic- 
ular executive branch ajrency for their programs, 
funding, personnel authorizations, and related 
essentials. 



Number of Installations 

Although an inventory of the security un- 
classified Federal R&D installations in 1960 
listed a relatively large agj^regate number of 
installations, there are only a few Federal 



Technically Desirable and Feasible 
Basic Research racJIities Costing $5.0 MJlIiOfi or Mor^ 



Vpp^t Atmosphere 

Observatory 

($I4M} 

NCAR 4th 
gerie ration 
computer ($15M) 

NOAA: Geophysical 
and Fluid Dynamics 
Laboratory 
computer ($1SM) 



Si-irtiCr$ 

National Resource 
Centers {$50M 
over 10 years) 

Brookhaven Center 
for Biological 
Instrumentation 
($5M) 

Cell Production 
and Fractionation 
Centers ($25^^ 
over 5 years) 

National Institute 
of Ecology ($10M) 



Earthquake Engineering 
Facility ($30M) 

Automation Technology 
Institute ($5M) 

Engineering Software 
Technology Transfer 
Center {$SM) 

Resource Center for 
Construction and 
Industrialized 
Building ($6M) 

Resource Center for 
Productivity and 
Machine Design {$6M) 



NRAO 
VIA ($76M) 

Neroc 440' dia- 
Steerabic ($30M) 

Owens Valley Inter- 
ferometer {$SM) 

100" Optical 
tde scope <$5M) 

200'' Southern 
Hemisphere 
telescope ($20M) 

NRAO Homology 
telescope 

Mountain Top Cosmic 
Ray Observatory <$5M) 

Calculation Center for 
Chemistry ($10M) 

Upgrade Cornell Electron 
Sytw^hrotron ($5M) 



Upgrade 134'' Synchrotron 
Berkeley ($7M) 

Heavy Ion Lob for 
Nuclear Physics ($20M) 

Array of Gravitational 
Defectors ($5M) 

Storage Ring Brookhaven 
Uabelle ($50M) 

Storage Ring 
Berkeley-Stanford 
($75M) 
Project PEP 

Recirculating Linear 
Accelerator 

Upgrade SLAC (Sl7M} 
Stanford 



Source; Nalkmil Sflfnrt FwindaKon 
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ii^encies resfiunsible for these in<;Lillotion&/ A 
toLil af 17 departments, independent agencies, 
and commissions reported nearly 700 installa- 
tions, over S5 percent oF which are within the 
Departments of Agriculture, Defense, Interior, 
and Health, Educatinn, and Welf*ire (HEW), and 
in the National Aeronautics and Space 
Administration (NASA). 

Another feature uf the Federal in-houst' R&D 
installations is the lar^e number of small units; 
approximately one-half of all the installations 
have nine or fewer professional staff members. 
The majority of these installations ure imder the 
jurrsdiction of the Department of Agriculture's 
Agricultural Research Service and Forest Serv- 
ice. Many of these small laboratories are actually 
in Olose juxtaposition tn larger installations or 
are Incated on the campuses of land-^rant 
institutinns. At the other end of the size spec- 
trum, the largest installations belong to NAS \, 
and are staffed by almost 5.000 professionals. 

Federal Funding of Intramural R&D 

Cost data on Federal laboratories can be 
approximated from fimdin^; data on Federal 
intramural R&D. Such data have been collected 
since 1955, and include overall Costs of Federal 
R&D performance as well as costs of administer- 
ing R&D grants and contracts- In some agencies* 
such as the National Science Foundation which 
maintains no Federal laboratories, and the 
Atomic Energy Commission, which has only 
three relatively small laboratories, the costs of 
grant and contract administration represent the 
great bulk of the intramural effort. In others, 
such as the Department of Defense, the costs of 
administering grants and contracts are a minor 
portion of total intramural costs. This situation 
would also hold for NASA, and the Depart- 
ments of Health, Education^ and Welfare. 
Agriculturey Commerce, and Interior. Thus, 
funding data in this sector must be interpreted 
with considerable caution. 

Between 3961 and Federal R&D obliga- 
tions for intramural performance rose by a 
factor of two and one- third— from $l.Q billion to 
f4.5 billion — as Federal agency programs gr^w. 
In constant (1953) dollars the rise was not as 
steep— from 51.8 billion to $3.1 billion in 1972- 
Each year in the en '.ire period marked a new high 



^ Nii\iortii\ Science Foundation. Dtnihri/ i>f h^,>r^i K^p 
UiUAkUoni, NSF 70-23. 



in current dollars, dlthough between l<56ti ,ind 
196<5 the rise was very miKierate and. in real 
term.s, actually showed a slight decline {figure 
62). 

The rate of growth of FedtVal intramtjral R&D 
fLindin>* over the period exctvded that 

of the national R&D effort. During l^oO, the 
Federal Government obligated JL7 billion for 
Intramural R&D which rej.irest*nted 2,1 [.■>ercent 
of total Federal R&D obliy^ations and 13 percent 
of total national R&D expenditures (figure o2)^ 
Estimates for 1^72 indicate thai Federal intia- 
mural R&D accounted for 27 percent of the 
Federal R&D buJgt( and lo percent of national 
R&D expenditures. Increases in the Federal 
iptramitral shares of R&D totals have resulted 
not only from higher intramural fiindingn but 
also from the fact that Federal funds for R&D in 
jndustry dr<*pped tn recent years, as- the result of 
reductions in development programs of NASA 
and the Atomic Energy Commission. 

Funding by Agencies 

During this time, the Dr^partment of Defense 
(DOD) intramural R&D obligations were the 
largest of all agencies, althnu^^h its share of the 
total of such Federal obligations decreased from 
71 percent in 1^61 to 54 percent in 1^72 (figure 
63). While the absolute level of DOD's intra*^ 
mural funding showed an almost continuous in- 
creaser the expansion of intramural wH>rk on the 
part of other agencies — notably NAbA and 
HEW—was responsible for the decline in the 
DOD share. 

NASA made up 10 percent of the Federal total 
in 19£>1 tind rose to a high of 28 percent in 1p65, 
reflecting the buildup of the Apollo program. 
Thereafter its share declined in most years, 
falling to ZO percent in \q7Z. 

The Departments of Health, Education^ and 
Vv?ifare (especially the National Institutes of 
Health). Agriculture. Interior ^ind Commerce 
experienced little change over the 1P61-73 
period in their respective shares of Federal intra- 
mural R&D funding. Two of these at^encies. 
Agriculture and Commerce^ rely on intramural 
resources more fully than ex tramural per- 
formers, while the Interior Department dues 
approximately one-half of its R&D intra- 
murally. 

The Department of Transportation did not 
come into existence until 1966, but its attention 
to problems of ground and air transportation 
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Figure 82 

Ferteral Oblisations for Intramural R&D 
Performance, FY 1961-72 
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Figure 63 

Federal Obligations for Intramural R&D 
t'erformances, by Agency, FY 1961-72 
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and traffic safety hns been represented in in- 
creased R&D funding. 



INDUSTRIAL RESEARCH AND 
DEVELOPMENT 



Character of Work 

While development activities accounted for a 
considerable larger proportion of the Federal 
intratnural tot..l than either basic or applied re- 
search throughout the 1961-72 period, ihe frac- 
tion devoted to development declined from 55 
percent in 1961 to an estimated 52 percent in 
1972. Part of this decline was due to the Apollo 
program pha&eout. Meanwhile, Federal intra- 
mural basic research increased from 11 percrnt 
to 13 percent of Federal intramural R&D frnds. 
and applied research rose from 34 percent to 35 
percent (figure 64), 



Figure 64 

Federal Obligations for Intramural R&o 
Performance, by Character of Work, 
FY 1961-72 
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Company Size 

and Research and D\.*velopment 

Rese^irch nnd development is an activity con- 
fined largely to lar^e companies. The distribu- 
tion of industrial R&D cimonj^ diffprejit-size 
firms^ds measured by the fLtll-time-equivalent 
number of scientists and engineers engaj^ed in 
R&D— is shown in figure 65, In 19'^!. 65 per- 
cent of all R&D scientists and engineers were 
employed by firms with more than 5x000 ^ni- 
ployeesx as compared with 70 percent in 1958. 
Companies with fewer than 1,000 employees 
accounted for a declining proportion of indus- 
trial R&D scientists and engineers, from 20 per- 
cent in 1958 down to an estimated 6 percent in 
1971 . There was little change for companies of 
intermediate size. 

The above statistics must be treated with cau- 
tion- The structure of industry has changed over 
this period. ''Research and development," as an 
industrial activity, v^as in its early stages of 
growth during the i^50 s. While the number of 
corr^^anies with 5,000 or more employees grew 
by jbout 50 percent between 1958 and 1967, the 
number of fi/ms with less than 1^000 employees 
actually declined slightly. Some small com- 
panies naturally grew in size; others were ab- 
sorbed by larger corporations, A further reason 
for caution in interpreting these data is the 
quality of respondent reporting, especially for 
small companies, during the early years of the 
survey. 

Despite these cautions the rapid apparent de- 
cline of R&D in small firms may be a d inger sig- 
nal which calls for further investigation to 
determine its true significance. There is ample 
historical evidence to suggest that small firms 
have produced more than a proportionateshare 
of major innovations^ particularly those innova- 
tions which have been one of a family of succes- 
sive innovations whose cumulative effect has 
been to create an entirely new industry. It is 
possible that the statistics quoted here do not 
accurately represent the true situation, but it is 
also possible that they signal a declining rate of 
technological innovation. 

R&D Inten&iveness 

An indication of the degree of "R&D 
intensiveness" of an industry is the proportion 
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Figure 65 

Distribution of Industrial R&O Scientists and 
Engineers,i^> by Company Size, 1957*71 
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of the total human and financial resources which 
it invests in R&D- A high levei of R&D. how- 
ever, does not necessarily insure that ^n indus- 
try is highiy innovative. For example, an indus- 
try may direct its R&D activities toward pri^d- 
uct differentiation, rather than to more basic 
technological innovation. 

Two frequently used indicators of R&D 
intensiveness are (a) the number of R&D scien- 
tists and engineers as a percentage of all em- 
ployees, and (b) the percent of net sales devoted 
to R&D. These indicators are used in the follow- 
ing to estimate the levelof R&Dintensivenessof 
U.S. industry as a whole, as vvell as of manu- 
facturing and nonmanufacturing industries/ and 
to determine its relationship to company size. 



U.S. itjdusir\L The fir^t of these indicators 
shc^ws that ft^r U.S. industry as a whole, the 
number of R&D scientists and engint^er? in- 
creased fri^m 25 per 1 ,000 emplc^yees in 1^60 to 
30 in 1*564-65, but then declined tci 24 in 1970. 
Similarly, the percent of net sales devoted 
RkD rhse from 4.2 in 1^60 to 4.6 in 1064, and 
then declined progressively to3.fi in 1970 (figure 
66). 

The changes between 1960-70 in both indi- 
catc^rs show thot the R&D intensiveness of U.S. 
industry, in terms i^f scientific and engineering 
manpower, increased by 20 percent between 
1960-64 but then declined to a level in 1970 
which was lower than 1960. The percent of net 
sales shows the same trend; the ratio rose by al- 
most 10 percent between 1960-64 and then fell 
continuously to a level tn 1970 well below that of 
1P60 

MnHtifacfuriti;;^ Itidti^irivii. Individual manu- 
facturing industries differ greatly in the extent 
of their R&D intensiveness. Based on the two 
indicators, each of the 15 major industries in the 
manufacturing sector was placed into one of 
three groups according to the level of its R&D 
intensiveness in 1970, The resulting groups, 
each consisting of five industries, are presented 
in the table on p<ige 79; Group I industries are the 
most R&D intensive and Group III the least. 

The level of R&D intensiveness rem*iined 
essentially constant for industries in Groups II 
and HI between 1960-70, but declined for Group 
I industries after 1964 (figure 67). The extent of 
the latter reduction was approximately 25 per- 
cent by 1970, as measured by each of the indi- 
cators. The declines in the most R&D-intensive 
group appear to be due almost entirely to reduc- 
tions in Federal funding of defense- and space- 
related R&D in these industries. 

Notutmriufnchiritt^^ Industries;.'^ Only a small 
number of companies (estimated at 1,100-1,200) 
in this sector perform R&D. The R&D inten- 
siveness of those which perform any R&D in- 
creased by 50 percent between 1961-66. and re- 
mained at essentially that level in later years.'o 



These include (but are noi limited lo) agriculture, 
mining, tr^inspdrtiilioa. public ulilities And sanitary serv- 
ices, wholesale And retail trade- finance, insuriince, business 
services, medical and dental fciboratorits. *ind engineering 
and architectural services. 

^<>NatK»nai Science Foundation, Rt^i^areh ami Dci'daiitut'tii iit 
Uitiu^lrif. 1970 (NSF 72-309). 
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ftfmD [ntensiveness of Mjnufacturing rndustries 



Croup 1 



ChernicjU & Allied Products 

MacSinery 

Electrical Equipment & Cornmtinicdtk>n& 

Aircraft & Mis^ iles 

Professional St Scientific fnstruments ■ - ■ 

Mean 



i'tljl^invrra {itr J ,000 

2ft 

74 
31 



Croup n 



Petroleum Refining it Extraction 

Rubber Products 

Stone, Clay. & CUss Products 

Fabricated Metal Products 

Motor Vebtcles & Other TranaportatiCi 
Equipment 

Mean 



Croup IH 



Food Sl Kindred Products 

Textiles it. Apparel 

Lumber. Wood Prodtjcts. & Furniture 

Paper & Applied Products 

Primary Metals 



42.0 



IS 
IS 
14 
10 

20 
16.0 



6 
4 
4 
6 
6 

5.2 



Mean * * 

Source: National Science Foundationn ^firauh unJ Driflorrtifttt tn IwJuslrV. Iii70. {hjSF 72 ^0*)) 
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4.1 
4.2 
73 
18J 



1.1 
2,1 

1.2 

3.5 
2.0 



0.4 
0,5 
0.4 
0.7 
0.8 

0.6 



(D<ata for the percent of net s^les devoted to 
R&D are not available.) This places nonmanu- 
facturing industries between Croups Hand III of 
the manufacturing industries with respect to 
R&D mtensiveness. 

Corti^tatiy Siz/ ami R<^D /f/^vr^/m^^*. Larger com- 
panies invested proportionally more of their re- 
sources in R&D than smaller ones over the 
period for which comparable data are available 
(figure 6S), Very large companies (10/000 or 
more employees) devoted 4 to 5 percent of their 
net sales to R&D in 1967 and 1970, as compared 
with some 2 percent for smaller companies in 
1967. The smallest companies (less than 1,000 
employees), however, had almost the same ratio 
of R&D scientists and engineers to total em- 
ployees as the largest companies in 1967, This 
r^tio declined signincan:!y in the largest com- 
panies between 1967-70. 



Concent r3lion of Industrial R&D 

One of the most salient features of R&D m 
this sector is its high concentration within a few 
industries within the manufacturing sector. In 
1970, 81 percent of industrial R&D funds were 
spent by five industries^ aircraft and missiles (29 
percent); electrical equipment and communica- 
tions (24 percent); chemical anc allied products 
(10 percent); machinery (lO percent); and motor 
vehicles and other transportation equipment (8 
percent). Yet together these industries account 
for less than one-half of total manufacturing 
sales. This pattern ofconcentrationdevelopedin 
the 1950's and continued with little change 
through the I960's. Since 1963, however, there 
has been a continuous but small (5 percent) 
reduction in the concentration. This shift is pri- 
marily due to declining expenditures for R&D 
related to aircraft and missile development, and 
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Ffgure 66 

R&D Intensiveness of u.$. Industry, 1960-70 



R&O/net sales 




R&O scientists & enflneers 
per liOOO employees 




I960 'fil ^2 '63 '64 '65 'C6 t7 '68 *7(t 
KMianil f^iiAditkHt 



Figure 67 

R&D Intensiveiiess of Groups of Manufacturing 
Industries. 1960-70 
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Figure 68 

R&D Intensiveness in Manufacturing 
Industries, by Company Size, 1967 and 1970 
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to ci It^sser ovlonL to tlu> incriMsin)^ R&.D in 
j.ulustrit's t>ther tlidn the five noted ^ibtive. 

Iridust riiil K&I) in tliosc miinufiu turin>; indus- 
tries is ntsii heavily ctmcentriited in a reliHively 
small rnmiber of eompanies. The four ct>ni- 
pa hies having* the l<irj;o5t R&D investment spent 
18 pereent of all indublrial R&D funds in 1Q70; 
the Lir>*est ZO spent 55 percent; and the largest 
100 spent 7*^ pereen t. Sonie 300 companies si.->ent 
0| pereenl of all fiind^ for industrial R&D. Thtii 
pattern eliangod little over the past dtwidcii. This 
eoneent ration, however , p if tidily reflects the 
fact that certain industries, particularly somt^of 
thoije which are fiiost RSi.D intetisive (e,g.; air- 
craft and missiles), arc largely cot^nrised of a 
relatively small number of large companies. 
R<SiD ifi such industries tends. perforet\ to be 
concentrated in these large companies. 
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A Delphi Experiment 



A Delphi Experiment 



■ Vnhiuis aspects uf the s' icntific-tet h- 
nulugivnl enterprise and ^ ^ 'ern*iUondition& that 
influence its c*ipabihties jnci perfornianve are 
not amenable to purely quantitative treatment. 
Some of these were explored throu(;h a public 
opinion survey, the results of which are 
summarized in the following; section of this 
report. Others involve considerations - ' *) prt*- 
dominately scientific or technical nature. _jeveral 
of the latter aspects and conditions were in vest i- 
i^ated on an experimental basis, using Delphi 
technit|ue to solicit and synthesize the juH^- 
ments and opinions of a cross section of the 
scientific and technological community. The 
study was carried out over the period of )uly- 
August 1972. 

The topics explored in this experim en taltf fort 
were: ' 

Panel 1— The future role of science and tech- 
nology in areas of high public concern; 

Panel 2— Impacts of recent R&D funding 
changes on science and technology; 

Panel 3— Technologial innovation including 
current impedimentsand measures for 
enhancement; 

Panet4— Basic research including criteria for 
support and means for improving its 
effectiveness; 

Panel 5— Allocation of financial resources 
among fields of scientific research; and 

Panel 6— Future directions for graduate educa- 
tion in science and engineering. 

Participants in the Delphi exercise, who are 
listed in Appendix B; were selected for their 
extensive experience and knowledge in science 
and technology and the interaction of the two 
with society. Panels, ranging ,n size from 10 to 
42, were composed of participants encompassing 
the disciplines, experience, and institutions rele- 
vant to the specific ^opics. Panelists represented 
a broad spectrum of disciplines (physical, life, 
and social sciences and engineering); experience 
(management, research, teaching); and institu- 
tions (colleges and universitit-j, foundations, 
government, and industry). 

The Delphi technique used in this experiment 
solicited the judgments of the participants 



thrtaigh a relatively structured set of questions 
organi/.ed into two ri^unds. In responding to the 
first round of questions each participant was 
invited to suf^^^est additional aspects and ques- 
tions either ti^ attain greater detail or to expand 
the scope of the topic. The second round incor- 
porated these suggestions, provided feedback to 
each participant of botj> his first*round 
responses and those of the p,inel as^i whole, and 
extetided the questions. Participants in the 
second round responded again to the first-round 
questions— altering their initial responses if de* 
sired, in light of the group responses and sugges* 
tions— as well as to the questions added between 
rounds one and two. The second-round 
responses to panels reported hereafter are 
aggregates of the individual resp^>nses, with 
each participant contributing equally to the 
collective judgment. 

The Delphi methodology used in this 
experiment had both merits and shortcomings 
for the purposes of this effort. On the positive 
side, it proved to be a relatively efficient means 
for obtaining the collective judgment of a large 
number of respondents, under conditions which 
encouraged the expression of individual view* 
points free from the pressures of face-to-face 
encounters. As used here, however, the tech- 
nique had some serious weaknesses: the size of 
some of the panels may have been ^oo small to 
represent the variety of viewpoints associated 
with some topics; and thecontrolled and limited 
nature of the inquiry may have resulted in 
misinterpretation of certain questions, as well as 
difficulties in responding to them. Posing 
questions about inhererftly complex and subtle 
issues in the most appropriate way wasoften the 
most difficult, and least successful, aspect of the 
ex periment. 

Finally, it should be noted that panelists 
responded to three different kinds of questions: 
questions soliciting cause or effect iuterpretatiotis; 
questions soliciting predidior^s: and questions 
soliciting recommendations about possible future 
policies. Although expert judgment is involved 
in each case; interpretations and predictions 
differ from recommendations in that the latter 
involve normative considerations to a greater 
extent. Furthermore, in the absence of com- 
parable previous studies the results should be 
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interpreted with Ctiution. They tire presented in 
this report in the same spirit as that in which 
ihey were oblained: as experimental findings. 

The judgments of the panelists tire sum- 
marized in the fcillowing pages. Only thiise judg- 
ments expressed by the panels as a whole are 
presented. This omits the m^iny interesting com- 
ments and suggestions provided by individual 
participtints but which were not reviewed by the 
entire panel 

DELPHI TOPICS 

Panel 1—42 Panelists 

National Problems 
Warranting Greater R&D 

Panelists judgec the extent to which scionce 
and technology could help ameliorate several 



problems c^f high public concern and identified 
the vjreas in which expanded 1<&D was 
warranted. These jtidgm* nts arc presented in 
table A, 

Although R&D was viewed as essential for 
alleviating manv c^f the Nation's problems, it was 
rarely regarded as sufficient in iiself. The full 
effect iveiiess of science and technology was seen 
as dependent upon appropriate social, economic, 
and political policies. 

A number of prc^blem areas identified by the 
Delphi panelists as warranting expanded R&D 
were the same areas as those chosen by the 
general public for applications of science and 
technology.' The areas in common which were 
most favored by .e pu' lie were health care, 
pollution control, t ug abuse, and crime. 



' Seo iht' following; ^rt-tHon. "rublit Ariiludus ltuv,irJ 



Tabk A— Natiortal Problems Warrarttirtg Greater Eflort 

of prnetiii^t of ^htiteh\tii^ 









Utit^t^ Jisposal latui jmUu^'Oti * 


97 


92 


P0U>er/eHerj(}f re^oune^ UnclitJiti^ j^rentcr fo»$^n'atwn mtii mere 








97 


86 


}ndu$trifil protiuctivity * ^ * * * * 


81 


70 


Adequac]/ of natural rtiaur^e$ ^ * * * * . * h * ^ * h * * * * 


80 


82 


High cost and ineffectiveness of health services 


79 


86 


Deterioration of international economic position 






of the United States 


66 


68 


Population growth 


56 


53 


Inappropriateness and expense of education 


50 


61 


Magnitude, quality, and delivery of information 


47 


40 


Drug abttsf , , , . * 


46 


70 


Inadequate urban planning . . 


45 


63 




43 


56 


Breakdown in efficiency and innovativeness of 






public sector services 


36 


48 


Inadequate employment opportunities 


28 


47 


Nucfear u>ar 


27 


34 


Urban mm^* 


23 


46 


Dhreped far established institutions , 


e 


17 


Group conflict atid aUenation 


S 


33 


Irresolution of international conflict 


S 


32 


Changing valuts (itj mores* work ethks* etc J 




12 


Racial disfrintination 


3 


31 



^ ttcmf in tUlics were iiie£est«l to panelists a& eitamplesj others Wfre added by p4r^vli^ts jnd presented In the second rour^d. 
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Panel 2—16 Panelists 
Impacts of R&D Funding Changes 

Delphi panelists identified assessed 
certilin RStD funding cKinges which h^id 
occurred sinre 1965 in terms of their beneficial 
or detrimental imp^icts. and identified some of 
ihe major consequences — botii positive and 
negcitivC'-of these changes. Funding changes, 
which a majority of panelists believed to be 
either beneficial or detriment^il, are presented in 
table B. 



Table B— FuntJJng Changes Assessed as 
Beneficial Deirimental to R^D 



htCri*nA^i i;tirn(iinfi for hi-alth n'laird 
R&D 

inct^asf<t ^ufi^iort for sodtii ^nVnrw ...... 

littri'a^itij^ ^lerCtntagf tt/ hitai R&O futnied 
by ituhiilry rather thttn Govvrtanvnl . . . 



Ddrimrnial changrs* 

Decreased R&D funding {in 

constant dollars) 

Frequent rapid changes of programs 

anj directions of funding 

Decrease (in constant dollirs) 

in basic research funds 

Allocation of funds by student 

count 

Chiing (iifU^n or sigttificatitly diminkhing 

support fitr somr largr induiftrial 

R&D labotatorits ... 
Dffrras^ in ROD activiHrs of small firms 
RrducUon in rak of initiation of consiruflion 

of* Big Scirncr" facilities 

Jnirrasrd allocation to R&D areas toith 

sftorf'hriti application * * 



paneti^f^ 



69 
67 

65 

Percetti of 
panrlish 
aifseising chaMge 
as detrimrittal 

100 
100 
95 

ai 

81 

67 

66 
52 



litems jtdlics were suge»ted td P«neli?t5 ds eyjimpln; olher^ ^^f^ 
ddded by pdnrliitj ^nd presen1?d in the Htdnd round. 



Three changes in R&D funding were viewed 
as beneficial Increased spending for health- 
related research and development vv^s regarded 
as having been a positive trend because of the 
likelihood of improved health services for the 
general community, rather than for basic science 



advances in the life sciences ^er se. Similarly, in- 
cre^ised support for the social sciences were 
deemed benehcial largely because of the 
possibilities for developing a more scientific ap- 
proach to social problems; increased R&D fund* 
ing by the private sector was seen as probably re^ 
suiting in greater emphasis on efforts which 
contribute to the economy in significant and 
immediate ways. Some panelists, however, 
warned that the lotterchan^^e produLi'd a shift in 
R&D toward s'lort-term and low-risk efforts 
aimed at insignificant technological advances. 

Most of the changes regarded as detrimental 
relate to decrea&es in R&D funding. In respect tti 
reduced R&D and basic research funding (incon- 
stant dollars), the many consequences su^ 
gested by individual panelists included: a de- 
crease or delay in developing new knowledge; 
the loss of scientific manpower and the reduc- 
tion of the number of future scientists and engi- 
neers; increased reliance on Federal administra- 
tors fur program selection; the demise of signifi- 
cant basic re&earch programs formerly 
supported by the Department of Defense; and in 
the long run, a loss of the U.S. leadership posi- 
tion in basic sciences. 

As in the case of funding decreases, all 
panelists judged frequent, rapid changes of pro- 
grams and directions of funding to be detri- 
mental because of the discontinuities intro- 
duced into research programs and the conse- 
quent waste of financial and human resources. 

The panelists also registered concern about 
criteria employed in allocating support for re- 
search. The group thought that allocation on the 
basis of "student count" (a funding change 
identified by the panelists) was detrimental to 
the scientific and technical enterprise since it 
results in an ever greater concentration of re- 
search in larger institutions. A small majority (52 
percent) of the panelists believed that increased 
allocation to R&Dareas with short-term applica- 
tion was harmful because of the resulting re- 
duced support and training in the basic sciences; 
a slower rate of development of new knowl- 
edge, the sacrifice of long-term needs; and in- 
creased support ot second-rate projects masked 
as topical and relevant research. In contrast, 25 
percent of the respondents thought that in- 
creased allocation to areas with short-term 
application vvas beneficial because of possibly 
earlier benefits to society in important need 
areas. 

The R&D efforts of industry were also a prime 
concern of the pan|elists, who thought that de- 
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creased support for some large industrial R&D 
laboratories were detriment*!^ to science and 
technology. The panelists rt-. \ this funding 
change to decreases in proa .tivity and in 
beneficial technological advance, and weaken- 
ing of the international trade position of the 
United States. The group (76 percent) also rated 
the effects of a decrease in R&D activities of 
small firms as detrimental i hey v arned against 
the loss of important innovative groups ajid the 
technical obsoIesc?nce of small firms. However, 
40 percent of tht? panelists believed the un- 
favorable consequences would be minimal be- 
cause significant advances require greater 
capabilities than are usually available to small 
firms. 

Finally, the panel registe'-od mixed reactions to 
the reduced rate of initiation of construction of 
"Big Science" I'.^cilities. The majority of panel- 
ists viewed the change as detrimental, and 
related it to a decrease in the rate of discovery in 
the long run, decline in the rate of research 
activity, and loss of international scientific 
leadership. 

Panel 3—14 Panelists 

Changes Needed to Improve 
Technological Innovation 
and Diffusion 



incentives and characteristics of the market for 
innovative products and serviceb, (b) policies and 
practices of industry itself, and (c) human re- 
sourceSs Several panelibts evaluated the sug- 
gested factors as actually beneficial including: 
oversized, overorganized industry (22 percent); 
lack of a government agency to support the 
introduction of technological innovation (18 per- 
cent); and antitrust laws which prohibit coopera- 
tive ventures (17 percent). 



Pat.el 4—12 Panelists 

Adequacy of Currcj.t basic 
Research Efforts 

This inquiry assessed tne appropriateness of 
the total funding level for baSjc research in terms 
of: 

(a) Criteria considered to be important in 
determining an appropriate funding 
level for basic research, and the 
appropriateness of the current level on 
the basis of these criteria, 

(b) Propensity for "risk-taking" in poten- 
tially "high'payoff" areas of research, 
and 

(c) Factors perceived to be impeding basic 
research in general. 



This examination attempts to identify major 
impediments to technological innovation and 
diffusion in this country, and actions which 
might be taken to improve the situition. The 
impediments of both types suggested by the 
panel are presented in table C. 

The major impediments to technological 
innovation which the group identified can be 
grouped into three areas related to (a) incen- 
tives and government policies, (b) industrial 
management, and (c) research activities ^nd 
manpower. Some of the suggested factors, how- 
ever, were regarded as beneficial by several of 
the panelists, including patent policies which 
inhibit innovation (25 percent); lack of a govern- 
ment agency to support the introduction of tech- 
nological innovation {18 percent); and antitrust 
laws which prohibit cooperative ventures {17 
percent). 

Major impediments to the diffusion of innova- 
tions can be grouped into (a) lack of financial 
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Critena for Support of Ba^ic R^^carch 

The panelists emphasized the significance of 
both external factors and the opportunities and 
needs of tht scientific enterprise itself, in 
determining an appropriate funding level for 
basic research ^table D). Using these criteria, 
they suggested moderate increases, ranging 
from 2 to 12 percent, over the 1972 funding 
levels. The average of the proposed increases 
would raise the total funding in current dollars 
to $4.4 billion in 1973. 

High RfsJf-Hi^Jr Payoff RHmrch 

The panelists also evaluated the adequacy of 
basic research efforts by assessing the propen- 
sity to undertake "high risk-high payoff" basic 
research. "High risk-high payoff" basic * /search 
refers to projects which may have a low 
probability of producing results and yet promise 
results, if achieved, of sach ^i^^nificance that the 
projects are deemed worth the risk. An example 
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Tdbic C— Factory Etrtpcdinf; Technologic^! Innovation And DJffuMon 



lnccnl)ve» and Government Policies 

irtath'ifualc pfoftt trnm ittitovflijtr ti^tirl to ht ip ^^)[JlJf lin-lor 

prohlrni^ 100 100 

Dij^^rr^iiirti nthl dtHttsfd marlrf in 'rrrrrt/ srv/prs nrti^injf 

ttjrtdratirn f}(ua} foivrnmfttt. hou.^nf. ht'ntlh ^rvict>. tk.t * . 100 9] 
Injbilily to obtain venture capital funds for 

hlfth^risk innovations ^2 77 

Lack of appropriate tax tncenfivos for R&D and 

innovation ^ * h * *>1 72 

Umtlfd FhfrrffJ fuppitrt of industrial frficfti u*t^h 

htj^h jTcmf rrl»rn hui fi^tc prii^itte nlum . ^ ............... . 82 7J 

Nrf:aiire puhlk aiUtiidi^ it'fhi\oUf:y 82 ^3 

Antitrust laws which prohibit ctwiperativie ventures . . , ► 75 7? 

Laii of ff };ci*crttmrnt af:^»iy lo fuPPfirt ihr intrihljidiitu 

Patent policies which inhibit inntwatlon 33 3fi 

Industrial Management 

Reluctance to abandon ctimmitment to current 

processes /products ^ h h h * . * w * . 100 ioq 

Limited industrial research budgets p2 fi4 

lack oi mrtitatiott of R6D i&tt^arJ nfoh Pi lOO 

Utnitrd umirT$tatniinii of the ihnoViJlion prMt'Sf hy Iti^ 

titmpatty matia^tntTil 91 91 

iarl Mfrrtcttifr o/ ittnamtfi&tr drvfhfr<{ fl!ifu*hrrc . . . . . . * * . . 91 90 

Lack of entrepreneurial spirit ........ . 73 9] 

OivrfiZfit. aivrorganj:^ lui/wfi/ry .......................... 5^ ^ 

lack i>f ifiif^uatf huMnrs^ anti markiiitt^ efforts 

ito fXptoW ^uar^ful innoVAliotiSt 56 56 

Research Activities and Manpovver 

Nt^alivt f<ms af adiJfmit ^fimhsts tPirar^ the ntlar of 

tnJusiriai mfurth .................................... 100 80 

fnSMffifffint rxploTiyhty rfSMnfJi ............................ 100 60 

Education of scientists and engineers inappropriate 

for innovation 92 75 

Lack of national priorities to focus science and 

technology resources .............................. 91 ^2 

Nef^ative attitude of acadtmic scientists toward 

progran^n^ed >^aal directed) research and 

multidisdplinary team research ntanagement 89 78 

Lack of new ideas stemming from basic research l 85 23 

Lflft of netrssary tcchnifaf fkifh . » 75 lOO 

Limitations in the diffusion of technical information 

(in English and In foreign languages) ♦ 75 



' Items in iUlics w*tt Sufifi^Hed lo f^nrlis^s at «t4inplK; othfti vivre *ddrd by pdivrhsti dnd Prfstnt^ tn thf 



Table D— Criteria for Use in Determining Total Tunding Levels for Basic Research 
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Potential for fundamental n^'W 














insights ......................... 


53 


33 


8 


0 


0 


1 .00 


Science n'.^eded to generate technolo^* 
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needs 


45 


36 


17 


0 


0 


.95 


Contributes to maintenance of ade- 














quate spectrum of basic research 














skills as a resource for the future . 


33 


42 


25 


0 


0 


.91 


AvaiUbihty of resources in society: 














ratio of total basic research/GNP . 


33 


50 


0 


d 


S 


.fl7 


Numbtr of quaiifitd rtseHrfhtrs ......... 


25 


33 


33 


S 


0 


S3 


Proposal prtssurts: ifuantity of mtriforious 














proposah in pariUuhr arras of basic 














rtstarfh .............. h .......... . 


33 


17 


42 


0 


d 




Prtdttfrmintd raih of hasi( research ic 














total R&D txpendlturn s . 


33 


17 


25 


25 


0 


.SO 


New applicavion of known laws to 














broaden range of problems and 














initiatives ....................... 


25 


17 


25 


33 


0 


.76 


Research contributes to education 














and training of new researchers . . 


0 


50 


25 


25 


0 


.73 


Compttiivvt pre$$urt: actioiiy of grrattr 














tmphasis txisfvng m other nations ...... 


17 


17 


17 


33 


17 


.64 



1 ttems Hthct wvre iiigggett«d to piAtliati tt mmpl^i; pther» wtte ddded by panelittB and pref^ntcd tn tecond round, 
iSum of importance rttin^t for ejch criterion (proportion of pjtiell^rt telectfng each importmc^ category timn the 
numtricjl vjlue of the cjtegory), divided by the Urgetl lum. 



of such work might be the current search for 
gravitational waves. 

The panelists judged the level of "high risk- 
high payoff" basic research to be increasingly 
inadequate over the 1968-72 period. This de- 
cline was attributed to overall economic factors, 
lack of understanding of the process of 
discovery, and general disaffection with tech- 
nology, as shown in table E. 

Ninety percent of the panelists agreed that the 
economic recession forced an emphasis on short- 
term payoffs to the detriment of "high risk-high 
payoff" research. Sixty percent believed the 
increasing high cost of basic research ventures 
heightened these effects. To reverse the trend 
toward less "high risk-high payoff" research, 
panelists (64 percent) suggested establishing 
iong-range research objectives, providing incen- 
tive risk-support funding (44 percent)/ and 



increasing Federal funding to basic research in 
universities (38 percent). 

Eighty r^rcent of the panelists thought that 
lack >f understanding of the process of discovery 
caused a change in the ratio of funding for "high 
risk-high payoff" basic research. They called for 
making the "hard and unpopular" decision to re- 
tain a fraction of resources for high-risk re- 
search (67 percent) and for recognizing the role 
of the scientist— as distinct from the engi- 
neer — in industrial research (40 percent). 

Relatedly, S9 percent of the respondents be- 
lieved that public and^ therefore, political dis- 
affection with perceived societal effects of tech- 
nology contributed to the decline in high-risk 
funding. Similarly, 70 percent thought 
disappointment with payoffs from previous re- 
search investment was partially responsible for 
the decline. Sixty-three percent also expressed 
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Tib!c E~Pos»ibIe Ouses for Refatively Reduced 
Support of High RUk-High Payoff 
Rewarch 

Prrfrtti of 
rt^rnwrn/ 

Economic rece»ion forced emphasis 
on short-term economic payttff, and 
concomitant retreat of scionti»t» 



to safe areas of researdi 90 

Public and poltticat disaffection 
with perceived societal effects 
of technology 39 



Lack of understanding of process of 

discovery go 
Disappointment with payoff from 
research investments (i.e., space, 

high energy physics, etc.) 70 

Association of R&D with the Defense 
Department, and transfer of 
negative fet^fings about military 

expenditures ^3 

Increasingly high cost of basic 
research ventures ............... 

Failure to har>dle accelerating pace 

of knowledge acquisition 43 

Investment in miss ton -oriented space 
research 29 

' tirmswrPF »uR«tt1«J by pandisl^ in Ihf firtl nnind.JnJ rrT>fitl^ 
in tfcond. 



the belief that association with the Department 
of Defense results in the transfer of^negative 
feelings regarding military expenditures to all 
R&D activities. Compensating policies included 
educating fhe public about the positive role of 
science and technology in the solution of socie- 
tal problems (60 percent); direct funding of pay- 
off areas (i.e., ecology, nuclear fusion, ocean- 
ography) {56 percent); administration of all 
Federal contracts through civilian agencies (50 
percent); promoting public avt^areness of dif- 
ferences between science and technology (44 
percent); and ope rational] zing and publicizing 
systems of technology assessment (3S percent). 
Seventy-one percent of the panelists disagreed 
that investment in mission-oriented space re- 
search caused a decline in "high risk-high pay- 
off" basic research. 

\mpcd\mc)i\$ to Ba^ic Research 

Finally/ panelists evaluated factors which may 
be impeding the effectiveness of basic research 



(table F). These factors can be grouped approxi- 
mately as: (a) cxinml fndorA relating chiefly to 
funding, including the level of funding, the 
source and criteria for funding, and knowledge 
and attitude of the public; and (b) iulmtnl fttffors 
it^ncluding inadequate long-range planning, 
"fashions" in research, inadequately trained re- 
searchers, lack of equipment, and inadequate 
industrial participation. 

Several panelists thought some of the factors 
were not impediments. Fifty-six percent of the 
group judged the current number of re- 
searchers to be adequate; 63 percent believed 
that emphasis on applied research had essen- 
tially no effect or actually helped; 50 percent 
thought the composition of science advisory 
firoups was not an impediment; and 27 percent 
viewed funding through national defense 
agencies as beneficial. 



Panel 5—33 Panelists 

Distribution of Basic Research 
Funds Among Fields of Science 

Under this topic opinions were sought about 
criteria which might be useful in deciding on 
relative levels of support for basic research in 
various scientific fields— life, physical, engi- 
neering, mathematical and social. The several 
criteria suggested by the panelists (table G)can 
be separated into four clusters, each reflecting a 
dominant concern: (a) advancement of knowl- 
edge (Nos. I, 2, 4, 6, 7, 11); (b) effective use of 
scientific capabilities and resources (Nos. 10, 14, 
X5, 16, is); (c) potential application and use of re- 
sults (Nos. 3, 5, S, 9); and (d) public under- 
standing and support of research (Nos* 12 and 
17)* in terms of the importance ratings assigned 
by the panelists to the criteria in each cluster, 
allocation of funds among fields should depend 
primarily upon opportunities for advancement 
of knowledge and the potential application of 
this knowledge to practical ends. Of much less 
importance— but still to be considered-^are cri- 
teria concerned with effective use of scientific 
capabilities and resources, and public under- 
standing and support of basic research. 

Using these criteria, the panelists evaluated 
the appropriateness of the present distribution 
of research funds among fields, with the results 
shown in the figure entitled "Federal Obliga- 
tions for Baste Research by Field of Science." 
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Table F— Imped liti€n is to Ba^k Research 
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Table G— Criteria for Alloc^Ating B^sk Research Funds Among Scientific Fields 
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' Utmsr H^^tts wrrf «ii£|;r»lcd to p«nrPi»ti ^h^mplesj athrrt wrrr ^Jded by parotitic and i>r«rnlf4 in s^cpod toond. 
t Svm of import jnvr ntinK^ foi rJch crltrrij (fTftportkm of p^nerictt sflmtryg^ch importance at^orY times ittf 
numffiCBl v^lar of thr f4t#fiwy). JiviiJfd by ihe Univft tum. 



Comments hy panelists, however suggest 
certain ambiguities in the phrasing of instruc- 
tions and questions which allow several possible 
Interpretations concerning the total basic re- 
search level and time frame referred to hy the 
questions. These ambiguities, howeveri do not 
invalidate the panelists' general suggestion for 
increasing the proportionate level of funding for 
the social sciences as well as for engineering, 
mathematics, and psychology. 

ERIC 



Panel 6—10 Panelists 

Changes in Graduate 
Training of Scientists and Engineers 

This Delphi study sought to identify and eval- 
uate changes In graduate science and engi- 
neering education aimed at increasing the 
employability of scientists and engineers. The 



Piinel tisst^siiicd the importiinre of these eh^iji^cs 
in terms of their effeets on the ^rcuhjcUe's nihility 
to finJ employment and to eontribute iwer a 
pt^riod of time to his profession. 



The chcijij^es identified by the p<inelibts (table 
H) emphasized the need for (a) individiiali/ed 
traininj^, (b) inte>;rating work and edueation^and 



(c) redijcinj^ the exteni of specialization. Better 
^ijidantT in career development and mideareer 
education were seen as most important to life- 
long professional effectiveness of scientists and 
engfneerSn As for employability, increased useof 
cooperative and miiltidisciplinary research ^ilong 
with independentn practice-oriented programs 
were rated as pc^ssible significant imprtwe- 
ments. 



Tjbtc H'-Evjl nation of Chanf^cs in Graduate Education 
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Public Attitudes 
Toward Science and Technology 
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Public Attitudes 
Toward Science and Technology 



in njvrj^ul vvtU>- {rpiniuri >t'\^ flu- >iith"i\»I 

ilinialo [>o>ilA"0. ruHJlr,il, or tie>: Mi\ r ior Mu- 
Jt^vt'ltipiin'til ,itul u>r of ^iu<TUif ii kjiiU\')<^jiM" .nu) 

.inc! kit>d> of ro^iources (tvntit^mit. luiiiuii. ,nut 
in>lituhnti,il) .illouWL'tl for ro^fcUt .irui inrM^\',^- 
tu>n. .itu) \ hc tiixi by I ho youti>; oi i Avrrv^wy 

To Jt^ternimo (.iirront pobliL .WliUu'r^. .\ 

aiut [lint* 1 '^'T^ tinu^ii>: 2.20'^! |vrsoii> l^^vr.ii^iU 
ay;o cHui niort'. u^>in>^ s*impliiij^ lut liniqii^v u liuii 
t^erniil lln* result^i to hr projt'Ltoif to tfio tol.^l 
^uKjlt U S. fx^puLMioii ■ Thft!i.uuL's tir<' in FOO 
lh.it the sur\'ey ri>Lilt.> do not wiry by nn^ri' thjn 
2 pet\orit (plus or niimi>) from tho rt'Stilt> [K\[ 
yrVoM be ohuimcd i\Mvrv\r-w^ h.uJ hcvw lou- 
dueled ^vilh .ill prr>on in tlu> populiilicMi . 

i>f the .ittiliidt^> of th^^pubhe: their rt^y;arJ 
ent'c and tet'hru>lti^y. their a>se*i^nient oi il> 
imparts, and tht^r expeetation;* and desirt'» \ov 
its future ri^lein dt^lin^ with na tic wial problem v 

The ;»urvfy revull;* arc rt^ported first for tin- 
totoli>roup. and sub>ec]ueialy for deniographit 
sub^rtujps. Sinee di! ferences (ron^in^; from ^t^ to 
I pereen;) In the freLft;orKy of "no opinicui" 
ocevirrcd an^on>^ the ^^i^ib^toups — and iivere 
pariiLtjLuJy hi>;h fi>r the oldosh lower intonie. 
lower eduL^Uion. ond non white >;rin!p> - the 
results are reported for allt hose polled, as wi'll,^s 
for all thc^sf" expre;»;»in>i an opitiion. 

TOTAL GROUP RESPONSES 

Public Regard for 
Science and Technology 

This aspect of publi<' t>pinion Wti*i t*\plored 
fM>rii three different perspectives: the peiceived 



eiteel> oi seietne .nut let l>noloy;y or^ th<" qualilv 
ot life; llu' affei live or .vnolu^iial re.u .Ion to su- 
eiKe and te^iinolo>;y; and tlie sLindiny; or pres- 

I v;tMW >< iejHi>t> ant/ fJ^K^^if^'rs in rt'l,ilronshi[>(o 
ol lu-r OL L upal inn>. 

Si jeiu e iind leehnolo>;y ha \ l h,in>;*"d life for 
^he Uglier" tUt ordin^ to 70 pej\enl of tin- 
fn^hlii . rievt^n pt rient felt tluK thev lvni>;f> were 
mother predtunina lei y >;iu>d nor bad, while jn-r- 

II [It tell that than>^e> were for \hc '\vorse/^ 



Do you Feci Th.it Science jnd Ttchni>luf»y Hjvc 
ChjHi^td Lift" for the (K'ttcr i>r for the Worse? 



Worn- 



70 
1 1 



}\ rit Hi .ff iho-^t 
Jttii itiy: tin .tyttiutu 



Q 
12 



T(^ desc ribe their emotional reaetiori to s<'ieiue 
and teL'hn*^ic^>^y, the respondents expresstal 
either "sati^faetiun or hope" (4^ percent), 
'e\eiumfni or wonder" (23 perient). "fear or 
alaraV' pera^Jit), and ■"indifferenee or laek of 
interest ' (t^ percent). 



Which One of These Items Best Describe Vour 
Generjl Rejction to Science Jnd Technology? 









Silt is ^(Scl ion Or hopv . . . 
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Exdt(?m?i\i ^r wt>n\ier , 
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Fe*ir or rtbrrl 


t> 




Indifference or lock 






of interest 
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N(.> opinion . , , , ^ . . , ^ ^ , 


10 





' TUty survey i-v.iv< ondiuii J fi^r <hi> \ by the t i^^Jn^i;! 
RfjJMrth C i^rpi^r^itKHin iViim. ion. N.) A ^^mlpk■tt■ rrjHJi | of 



A further indication of the public re^^ard for 
science and technoloi^y are the ratini^s of sci- 
ence and engineering; .as professions. From a list 
of nine professions, that of scientist was ranked 
second only to physicians, while engineers were 
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^.^roLtpt^d with ministers, luvycis, aiul anlii- 
tt'cts. C onip.irisoti v\^ith pn-viotts surveys in \ ^A7 
aiiJ UUi> itufk'.itos .1 dtvliiio in r*ilin^;s ft>r a\\ 



|,>rofossii>iiSj oil hou^;h scil'^n^isl^ nitiinttiitH'J 
v,iiut\l in rfltUivt' prtsti>;e 



Cho^**te tbc St,*U»mfix( Hni Ho*ti Ciivo** Vmir Own for^toniil Opiniod of the rco^tiijif^ or (iodor.il 

St<tti<]in^ \ Um r.Ach ]oU Mas. 
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Impacts of Science md Technology 

The public assessed several asipet^ts of ihe 
impacts of science .ind technology — the net 
b<ilance of beneficial and harmful consi^qtiences, 
the rehnive extent of the problems credited, and 
the pace of change produced by science ^md tech- 
nology— and appraised I he <idequticy of society's 
conlrt>l over science and technology. 

Fifty-four percent of thost responding felt 
that science and technt>logy do rviore good than 
harm, as compared with 31 percent wh^i felt that 
the effects were about equally beneficial and 
harmful, and 4 percent whobelie\"cd the impacts 
to be more harmful than gt>od. 



Overall Would Vou Say That Science and Technology 
Do More Good Than Harm, More Haum Than Gooi 
or About the Same t^cU^ 



More K'-'^^d 54 

Mtire harm 4 

About (he ^.ime 31 

No opinion , . il 



61 
4 
35 



Those whose response was either that sci- 
ence and technology did ''more good than harm" 
or "both good and harm" were asked to indicate 



one of the good things." Similarly, those 
responding "more harm than good'* were asked 
to identify "one of the harmful things/' These 
results are summarized below, 

Beneficial Contributions of Science and Technology 
tCited by Group Responding "More Good th^n H^rm") 

Improvements in metiitine/jnediCiil 

reseanh * 54 

Space re^c.ATcti^mrFOn tnp i; 

Atomic roso^rch/ nuclear ^cit'oce 5 

Efforts improve thv envirooniont ... S 

I>veU>pnxent of TV. ct^nxptiirrs. eic . 3 
Improved methods of (ransjJort^iJion , . . 

Agriculture 2 

Food resoarth/prtiL-e^smK Z 

Don*t know * . . 4 

BenelUial Contributions of Science and Technology 
(Cited by Group Responding "Both Good And Harm") 







tmpr^rt'emenis in medicine^medrcal 




rest*ai*tti 


SO 
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Efforts 10 improve the environment . . 
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Improved working/living conditions . ► * , 
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Development of TV, computers, etc. . . , 
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Improved methods of transportation , , . 


2 




2 




17 



Harmful Activities of Science Technology 
(Cited by Grou{p Responding ''More Hiirm than Good") 





Pfrfntt 


L.ick f>J concern for the environment * . . 


27 


Space pro^r<im/miTOn trips h * * . 


16 


Df ce!f>pnitnt i>f we*ipon^ for wjr . * * ^ 


9 


Destructior of Tuttir^l resources ....... 


2 


De^*e]f>pment of h*irmful medicines . * * - 


2 


Harmful cJriiKs (development and 




fublicity) 


] 


Don't (t'nvw 


23 



Forty-tight percent of the public felt thai 
"some" problems were caused by science and 
technology, ^s compared to 27 percent who be- 
lieved that "few"problems were so caused, 9 per- 
cent ivho thought that "none ' were produced, 
and 7 percent who believed that "most" 
problems w^rc caused by science and tech- 
nology. 



Do "tou Feel That Science ind Technoloj^y Have Caused 
Most of our Problems, Some of our Problems, 
Few of OUT Problems, or None of our Problems? 



Response Percent 

Mc^st 7 

Some 4S 

Few 27 

None 9 

No opinion 9 



having^ fit! oiiiittou 

a 

53 
30 
10 



As for the pace of change, 51 percent of those 
responding fell that science and technology pro- 
duced a desirable rate of change, whereas the 
remainder were divided as to whether the 
change was "too fast" (22 percent) or "too slow" 
(16 percent). 



Do You Feel Thai ScietKe and Technology Change 
Things Too Fast, Too Slowly, or {ust About Right? 

PrrCmf of 

Rcsjiansc Permit Uavinfi an opiuiott 

57 
Zs 
IS 



About Hght 
Too fast 
Too slowly . 
No opinion . 



Permit 

51 
22 
16 



Forty-eight percent of those responding felt 
that society's control over science and tech- 
nology should "remain as it is," while 28 percer\t 
felt that control should be "increased, "and 7 per- 
cent believed it should be ''decreased/' 



Do You Feel That the Degree of Control Thai Society 
Has Over Science and Technology Should Be Increased, 
Decreased, or Remain as II Is Now? 



Rfipitnst 

Remain tt is . 
Increased 
Decreased * * . . * 
No opinion * * 



Pinvrtt 

4S 
2B 
7 
17 



58 
34 



Expectations and Directions 
for Science and Technology 

The public expressed confidence ir\ the poten- 
tial of science and technology to solve major 
problems. Forty-seven percent believed that it 
wouldei'entualiy solve "some" problems, such as 
pollution, disease, drug abuse, and crime; 30 per- 
cent felt that it would solve "most"; 16 percent 
thought "few" would be solved. 



Do You Feel Thjl Science and Ter^iinology Wall 
Eventually Solve Most Problems Such as Pollution* 
Disease. Drug Abuse/ and Crime, Some of These 
Problems, or Few, if Any of These Pi^blems? 



Knponst 

Most problems . 
Some problems , 
Few problems . . 
No opinion 



Pmtnt 

30 
47 
16 
7 



Per(cnt of thirst 
havitiji An opinion 

32 
51 
17 



The problem areas selected by the public in 
which they would most like (and least like) to 
have their taxes spent for science and tech- 
nology are summarized in the following table. 
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In Which of ihc Arcai^ Liii^icd Would You M«ii 
Liko (jjid LoaM Like) To Have Your Tjxos 
Spcnl for Science jnd Tcchnolof^y^ 



Tmpr^^vini; lii*jlth i-in* , . , * * t>5 1 

RcJutinft and conimllini; ;v>lkili*»n 3 

[<i»dminft tTimr * 5" 2 

Kindiiij: nt^Vv mclhtHis for pivvi-jiliiii; 

;jnd tro;)tmj; droiX ^ddiilion 51 A 

Imprtivin>; Ldiic>ilion ^1 4 

IX\"cU>piaj^ fcislcr .ind sjfn poMu 
Ircinspnrt^tiipn for tTJvt*l vvitbin 

jrxd hrtxvt^cn t'itios 23 14 

I-indnift bctti'T birib tontrnl 

metluxJs Z<y 15 

ni.iii flnd n^tur*^ . . r3 

WoiijIUT U»ntTol cind p rrdu tit>n II 1^ 

Sp;nt" t'vploriition J I 42 

n<'vHi>pia>;/iniprovitij; wr^HMns 

nutlon.il dt'fcn>r H 50 

No opinion * O 13 



preferences iirc inJicjted f*>r ipnpnrvin>;hciilt h 
care, ctmlrollinK pollution, iK^d reducing; tTimt\ 
whertMs splice cxplor*ititvn nnd dt^veiopment tif 
defense* ive*ipons received leost supin^rt. Mixed 
relictions were expressed for the ^ire*is of birlh 



cojiirol, discoi'ej in^ \w\v bci^u knovvledj^e, dnd 
controlling; ,ind prrdictinj; vvtvither. 

On I he vvhole, publii alt itodev I o ward sciener 
and technoKij;y apfHMr le* be po^itiv'e. This is 
e^jien.illy e\ ident in their general rej^ard for sci- 
ence and technolti^y. and thfir t^infidcnce in its 
tapatity lo ami-lioratc nalion.d probleni^i, L^>ss 
positive opinions vvert* expressed, htnvever, 
re>;^irdin>; iht* imp*it Is of science and tech- 
nolo^;y', ond the preseni tise^^ to which iJ is pul. 
On iht^ v/h*tk*, the pcjblie a ttihjJes appear t*> re- 
flect more confidence in the potenti.il of science 
and lcchno^i^;y th*in >*alisractit>n wilh its present 
^ipplications. 

ANALYSIS OF RESULTS 
BY DEMOGRAPHIC SUBGROUPS 

The response poMern^^ of denio>;raphie sub- 
>;n>ups, while siniihir, are not homn)^enous. A 
substantially j*re^iter fret^uency of "no opinion" 
responses is evident for the oldesU lowt*sl in- 
conic, least educated, ^nd nonvvhite subgroups. 
Such differences in "no t^pinion" res^xnisc rales, 
while relevant, nre not unique to ihis survey. In 
effeet, they m^isk differences in expressed 
opinicm loivard science and technology. To avoid 
such ambi>;uities, comparisons of subgroup 
opinions are based on percentaj^es t*f thtise ex- 
pressing an opinion. These pereenla^es and the 
frequency of "no opinion " <imonj^ sub>; roups 
^re reported for selecled questions in the folloiv- 
inj* tables. 



Overall, Would You Sjy Thol ScJrnco ond TocHnalogy Do More Cood Thon Horm, 
More Ihrm Th on Cood, or About I he Some oi E^th? 
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High scbtitil 




f 1 


35 
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Stifnr cx>lk'M' . * * - . 


7J 
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22 
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< $lu,i>00 


56 


t> 


Jft 


15 


> $10,000 


oa 


2 


31 
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35 




N(}nwhito * 
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35 
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For The Mom PJtrti Do You Feel Th^t Science und Technology Will HventuJkUy 
Solve Most Problems Such us Pollution^ Diseasei Drug Abuse, And Crimc^ 
Some of These Problemsi or Few if Any (jf These Problems? 



an cptttioti fffltiit fiffrrmiitg 



Subgroups 




Sotnr 




No iiptiiioti 


All 


32 


51 


17 


7 


Mo^i 


36 


47 


17 


5 


Women ****** ...... 


29 


54 


ia 


9 


IS'29 yrs 


28 


55 


17 


5 


30-39 


33 


54 


13 


3 


A0'A9 


31 


53 


16 


4 


50-59 


37 


43 


20 


7 


60 + 


33 


46 


2] 


' ]3 


<i Hjgh schc>ol 


33 


47 


20 


12 


High stjiool 


29 


55 


]6 


4 


Some college 


35 


51 


]4 


3 


< $]0.000 


3] 


49 


]9 


]0 


>^ $] 0,000 


33 


52 


]5 


2 


While 


33 


51 


]7 


5 


Nonivbite 


32 


50 


]8 


22 



The intercorrelations among indicators of 
socioeconomic status (i.e.. ethnicityi income, 
education) also make it diffiCL:k to relate varia- 
tions to specific subgroups. Some general 
patterns, however, are evident. Among those 
expressing an opinion, respondents from rela- 
tively high socioeconomic groups indicate more 
positive attitudes about the contributions of sci- 
ence and technology than do respondents from 
relatively lower groups. 

This socioeconomic difference appears to be 
overlayed with variation by age. Compared with 



other age groups, younger respondents (ld-29 
years of age) tend to be relatively negative about 
past contribution*; of science and technology, but 
relatively positive in their hopes for the future; 
middle-aged respondents tend to be relatively 
positive about both the past and the future; older 
respondents (over 60) are relatively negative 
about both the past and the future. 

An additional variation appears among the 
responses of the sexesi as men tend to judge past 
contributions of 5Cience and technology more 
favorably^ and express more optimism about its 
future. 
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Tabl€ 1* R&D expendtlures as a percent of gross national product by couniry* ^9$^7^ 

[National currencies in biMions) 



Country 1963 19S4 1967 ;969 1970 T97f 



9AD expenditures 

United Stales 17.4 19.2 23.6 ?6.2 26.7 27.3 

France^ 6,4 {^) 12.4 i3.9 15,1 15.8 

Germany 6.1 p) 8.3 1C.4 13,9 15.1 

United Kingdom 0.73 077 0.94 t,02 t.08 1.14 

Japan 321 (=) 606 933 1.200 1.500 

aS.S.R 4,9 (=) 7,2 9.3 f^) 11.6 



Gross nallonal produci 

United States 590.5 632.4 793.9 929.1 974,1 1*047.0 

France 396.0 573.2 725.6 815.2 903.0 

Germany 377,6 (^) 495,5 603.4 632.1 750.6 

United Kingdom 30.7 33.3 40.1 46.1 50.5 54.0 

Japan 23.628 P> 43.545 60.242 70,9B5 82*000 

U,S.S.R. 206.B (=) 282.0 329.6 362.6 386.6 



RAD expenditure* as a perceni of gross nallonal product 

United Stales 2.94 3.04 2.97 2.81 2.73 2.60 

France 1.62 2.16 1.92 1.85 1.75 

Germany 1.62 f>) 1.66 1.72 2.04 2.01 

United Kingdom 2,36 2,31 2.34 2.21 2.14 2.11 

Japan t.36 (j") 1.39 1.55 t.69 1.83 

U,S.S.R. 2.37 f=) 2.55 2.82 (^) 3.00 



* GrO&s ekPCntf jturpj for research <}evefOpmenf 

Sourcea: Onganisatjort f or Economic Co^oper^UonBndD^v^iOjmwi.Jafetti^ttortalStjnfeyolttttfifisooTt^s Devote to f^D by OECD Member Countries 
lor 1967. and 106^. iStaltonal Sconce Foundation «siiir?te9 tor 1970 antf 197 1^ Uf^.S.Ft. esUmat^ for atl year? Provided by Dr. Robeh 
W. Campbell. Indian* UnFvertily. 
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Table 2, SclentlMe and engineers^ engaged In R&D par 
10^000 population by country, 1963-71 



Year States U.S.S.R. France Oermany jaPan 



1963 . 


25 


19 


7 


6? 


12 


1967 . 


27 


26 


10 


11 


16 


1969 . 


28 


32 


11 


12 


17 


1970 - 


27 


(') 


12 


14 


21 


1971 . 


25 


37 


12 


15 


25 



' FutUtime ^LJiv«ien1». 
M964. 

'Not aifAiiat>l«. 



Sources: Organisation for Economic Co-aPeration and Develop ment. 

int*Tnation9t Survey Qt ttio Riiources D«vot9^ to RAO by O^CD 
Member Cootitnes for 1963. 1967. And i969: National 5ci«nc« 
Foundalion ^bUmflles fOf 197Q and t971; UrS.SA astimal^s 
tor all year^ Provided by Dr. Robert CenriPbeii. Indiana 
Universily. 



Table 3« Di$lribulloi> o1 gcvemment R&D eKpendltures among national objectives, 
by country, I96n and 1969 



United United 

NaUonat Ob/ectiues States Kingdom France Germany Japan 



Total (millions of 

dollars) $11,089 $1,078 $e01 $423 $235 



1961 

National defense 65 65 40 22 4 

Space 16 1 1 <*) (■) 

Comm unity services 7 2 n {') 2 

Economic develop mem -4 11 8 D 30 

Nuclear energy 7 15 29 16 7 

Advancement of science — 2 7 20 37 56 



1969 

Nationaf defense 49 40 31 19 2 

Space 24 4 7 6 1 

Com munJty services t2 4 3 2 4 

Economic development 7 26 16 2 23 

Nuclear energy 6 12 18 17 8 

Advancement science — 2 13 24 39 61 



* Not evailabie. 

Source: OrganiMiilion of Economtc Co-oP"ratk>n arid DevetoPment. Bweareft ""tf O&v^topffient in OfCO Member 
Coanifies: TrentJt and Oti^ctrvis. September i3.i971h 



Table 4. Sclenltlic ttterature tn selected lletds as a percent o1 total literature produced by 
i ^a\0T developed nations, 1965-71 



Sef^cted fiefd and year 



Toiai United United 
UteratMre States Kingdom Germany France 



Oth^r and 
US.S.ft Japan unknown 



N lumber 



Percent of totai 



Mathematics 


















1965 


2,971 


23.9 


6.6 


6.3 


5.6 


22 A 


4.:> 


31.8 


1967 


4,298 


23,9 


4.6 


64 


4.5 


26.4 


4.7 


29.8 


1969 


3.D24 


26.9 


6.4 


6.0 


6.9 


20.0 


5.2 


27.1 


m^t 


3,739 


27.G 


a9 


6.5 




22,2 


7.0 


26.7 


Physics ancJ geophysics 


















1965 


23.224 


41.3 


6.2 


7.4 


4,8 


15.7 


4.4 


16.2 


1967 


27.121 


42.1 


6.6 


7.5 


5.3 


I3.fl 


5.2 


17.5 


1969 


29.353 


41.0 


8.3 


7,2 


5.4 


14.6 


5.1 


16.4 


1971 


29.824 


42.4 


8.1 


5,6 


5.1 


13.6 


6.0 


18.7 



Chemistry a^c* me* .Durgy 

1965 

1967 

1969 

1971 

Mofecofar biology 

1965 

1967 

1969 

1971 

Systematic bfology 

1969 

1971 

Psychology 

1965 

1967 

t969 

1971 

Engineering 

1965 

1967 

1969 

1971 



Economics 

1965 , 
1967 
1969 
1971 . 



34.657 


26.9 


77 


8.2 


3.9 


3a.9 


4,; 


19.3 


39.730 


24,5 


79 


8.4 


5.9 


28,8 


5.3 


19.2 


43.302 


24.2 


8.2 


7.9 


57 


28.5 


6.4 


19.2 


45.052 


23,9 


8.4 


6-8 


6.2 


29.0 


5,9 


19.8 


24.321 


46.6 


9.5 


4,6 


9,4 


3,0 


4.2 


22.4 


25.658 


48,6 


11.0 


5.4 


7.4 


2.1 


4.6 


207 


29.359 


47.6 


9.3 


5.5 


9.0 


1.6 


4,9 


21.6 


3^148 


48,7 


8.9 


5.1 


8.9 


1.8 


5.0 


21.6 


6.101 


29,4 


6.0 


4.9 


4.8 


9.0 


5.0 


41.0 


7.050 


33.3 


7.2 


5.3 


5.2 


6.4 


4.3 


38.2 


3.537 


79.3 


8.1 


.5 


.2 


V) 


.5 


11.4 


3.967 


79.2 


6.4 


.5 


.2 


V) 


.6 


i3.:> 


4.308 


76.8 


7.6 


1.6 


.1 


n 


.4 




4.076 


76.5 


7.9 


.8 


.2 


n 


.5 


14.1 


10.006 


49.9 


11.2 


47 


1.4 


12.6 


2.4 


17.8 


11.968 


48.8 


11.3 


5.6 


1.8 


12.5 


2.8 


17.2 


13.222 


48,3 


11.0 


6,2 


1.8 


12.5 


2.9 


17.4 


13.766 


49.7 


9.0 


6.1 


2.2 


11.8 


3.8 


17.3 


1.299 


15.5 


7.9 


6.0 


14.0 


7.2 


2.0 


47.4 


1.314 


16.5 


8.1 


6.0 


14.0 


7,3 


3.7 


44.4 


1.390 


20.4 


7.4 


5.7 


14,9 


7.4 


1.1 


43,1 



1.138 



■ Complete (Jata not availab>« Jo« U.S.S.ft. 
Source: Compuier Hufi/Ofw. J/jcl. D^^topm^nt ot l^.S. 
Septgmt>er 1972. 



22.9 



6.3 



6.1 



11.9 



4.8 



47.3 



anif int^rnBtionsi in<iic&\ors of \M QuanttW and Ou&tity of ^civnUiiC Literatufo. 
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Table 5. Cltatlon/publlcatloti ratlo^ of scientific literature In selected fields 



United United 

Seiectud Hold States Kingdom Germany Francf? U.SS.R. Japan Oth^r 



Physics and 



yeophysics 


1.25 


1.23 


.78 


,48 


76 


.64 


.35 


Chemistry and 
















melaiJurgy 


1.3^ 


1.22 


r07 


.63 


.42 


.63 


m 


Molecular biology . , . 


1.26 


1,14 


.60 


.37 


.50 


.67 


.78 


Systematic biology . . 


.97 


1,60 


1.14 


.85 


i') 


.91 


.80 


Mathematics 


1.10 


1.42 


.97 


m 


.82 


.84 


.81 


Engineering 


1.19 


1.03 


.82 


.63 


.62 




.64 


Psychology ... 


1.05 




{') 


(') 


{') 


{') 


.84 


■ Av6r»g6 ot i965k l967. a 


nd 














' Not avai;ahl0. 
















Sou/ce Cumputef HorisofiSH 


Inc . D»-/cloPfTt^fif of 


us and 






of me 


OiiUfitify i 



Quattty of SCtenttfiC Literature, S^iPrcmber l977 



Tab^e 6. Patents awarded to U.S. nationals by foreign countries^ and 
to foreign nationals^ by the United States, 1966-70 



Patents avifarded 196B 1967 196B 7969 1970 

U.S. balance 23.061 21.798 23.226 17.026 14.286 

Patents awarded to foreign 

nationals by the U.S ? 282 9.662 8.926 11.817 11.961 

Patents awarded to u.S, 
nationals by foreign 

countries 32.343 31.460 32.154 28.843 26.247 

■ United KiogtJorfl. U.S.S.R . Germany. France, ^nti JaPftn 

Source- worifT *nWWe:rua^ ProQertY Orgem/ation. tndustrtaf Property. Geneva, v 967, 71 {Qecemb^f iss<ie*^. 



table 7. U.S. patent balance with selected countrtesi 1966-70 



Setected country 



1966 



1967 



196B 



1969 1970 



United Kingdom: 

Balance 

Awarded to U.S. 
Awarded by U.S. 

France; 

Balance 

Awarded to US. 
Awarded by U.S. 



11.440 
14.117 
2.677 



8.371 
9.807 
1.436 



10.877 
13.676 
2.799 



9.353 
10.911 
1.558 



10.107 
12,588 
2,481 



9.346 
10.794 
1.446 



9.503 9.776 

12.728 

2.952 



5.135 
6.943 
1.808 



3.932 
5.664 
1.732 



Japan: 

Bald nee 

Awarded to U.S, 
Awarded by U.S. 

Germany; 

Balance 

Awarded to U.S, 
Awarded by U.S. 



3.561 
4.683 
1.122 



—248 
3.733 
3.981 



2.008 
3.432 
1.424 



—362 
3.406 
3.766 



3.439 
4.903 
1*464 



362 
3.804 
3.442 



2.505 
4.657 
2.152 



^40 
4.483 
4.523 



2,149 
4,774 

2i625 



—1.052 

2.882 

4.434 



Source. Wotla tnietiectuai ProP^^ Or^anizaliorv. ffKtustffAt Propariy. Geneva: 1967-71 (December ifisuds). 



Tabfe d. Producllvhy In manufaclurtng Industries* 
by country. 1960-71 



Table 11, U,S, balance of payments for patents* 
manula^tudng rigtits, licenses, elc*. by countr>-, 1960-71 



fJndex. 1960=100] 




United 








Uniied 


year 


States 


JaPan 


Francs Germany Kingdom 


1960 


100.0 


100.0 


100.0 


100.0 


100.0 


1961 


102^ 


113.3 


ICM.6 


105.9 


100.5 


1962 .. 


108 ) 


11&.1 


109.3 


112.2 


103.0 


1963 


112,6 


127.8 


114,7 


118.2 


109.0 


1964 .. 


117,9 


144.7 


120.7 


127.3 


116.1 


1965 


122.6 


150.2 


127.4 


136.1 


120,2 


1966 . . 


124.1 


166.0 


136.2 


141.7 


124.1 


1967 .. 


124 2 


190.1 


143.7 


150.6 


128.7 


1966 . . 


130.1 


21 8.3 


153.2 


162.0 


136.6 


1969 . 


131.9 


253,4 


161.9 


171.4 


139.9 


1970 


133.9 


289.4 


171.0 


175.9 


143.5 


1971 


138.5 


309.7 


180,6 


186.3 


149.9 



Source 



Afihuf Neef, Unit u^twr Costa in the U S and lo Omer Nations. 
\ 960 '7 1 : MOnthty Labor Review Washinglon.O C Bureau of LObOr 





Statistic^. D^^parlfnent ot LaOOr. July 1972 




Table 9. Unll labor cost In manufacturinn Inr^ustrles. 






by country, 1960-71 








[Index. 1960=1001 






i nited 




United 


Year States 


JaPan rrance Germany Kingdom 


1960 


100.0 


100.0 100.0 100.0 


100.0 


1961 


100.7 


102.9 105.3 105.9 


106,9 


1962 


99.2 


112.6 110,7 1t2,5 


109.7 


1963 


96,5 


116.4 115,5 114.2 


108.9 


1964 


98,3 


115.3 118,2 114.2 


109.2 


1965 


97,1 


124.5 120,3 117.3 


115.4 


1966 


100.2 


123.8 119,9 122.9 


123,0 


1967 


105.0 


121.5 123.3 122.4 


119.6 


1968 


107.5 


123,3 130.6 120.7 


122.4 


1969 


112.6 


125.8 132.9 124.6 


129.3 


1970 


116.5 


131.5 137.7 141.4 


144.0 


1971 


121.6 


142.2 144.9 153.1 


155.1 


Sour««: 


Arthur Near. "Unit Labor Coab m t>^e U.S. and 10 Ot^er Nations. 




t^Ga-Tt.^MOntNy Labor Review. ^a^t\mg\on.DC.: Bureau OfLaoOr 




Statistics, OepsMment of Uat^Or JulY 1972 




Table 10, U.S. payments and receipts for patents. 




manufacturing rights* llcensest etc** ^960-71 






IDoUars in millions) 






year 


Receipts Payments 


BafanoB 


1960 




$247 $ 40 


$207 


1961 




244 46 


198 


1962 




256 44 


212 


1963 




273 51 


222 


1964 




301 oO 


241 


1965 




335 67 


268 


1966 




353 76 


277 


1967 




398 105 


293 


1968 




454 106 


348 


1969 




50f 120 


381 


1970 




579 114 


465 


1971 




621 126 


495 



[Dorrars in millions] 






United 


West err} 




Year 


Totai 


Kirtgdom 


Europe* 


Japan 


i960 










Dolflfiv^ , . . 


$207 


$31 


$ 74 


$ 48 


RAceints 


247 


40 


100 


48 


Payments 


40 


9 


26 














Balances . . . 


196 


31 


59 


52 


Receipts . . . 


244 


39 


93 


52 


Payments . . 


46 


8 


34 




1962 










Balance . . . 


212 


31 


64 


51 


Receipts . . . 


256 


40 


93 


53 


Payments . . 


44 


9 


31 


2 


1963 










Balance . . , 


222 


31 


67 


57 


Receipts . . . 


273 


43 


102 


58 


Payments . . 


51 


12 


Z4 


1 


1^64 










Balance ^ 


241 


33 


74 


65 


Rec^pts 


301 


50 


112 


66 


Payments . . 


60 


17 


39 


1 


1965 










Balance . . . 


268 


39 


89 


65 


Receipts . . . 


335 


57 


iJ2 


66 


Payments . . 


67 


18 


43 


1 


1966 










SalaRce ^ ■ ■ 


277 


32 


87 


67 


Receipts . . . 


353 


54 


132 


70 


Payments . . 


76 


22 


45 


3 


1967 










Balance - 


293 


25 


76 


94 


Receipts . . . 


396 


56 


136 


yt 


Payments . . 


104 


3^ 


62 


A 
*t 


1968 










DararfCe - * * 


348 


21 


OO 




Receipts . . . 


454 


56 


145 


133 


Payments . . 


106 


35 


59 


4 


1969 










Balance . . . 


381 


17 


104 


153 


Receipts . . . 


501 


58 


170 


157 


Payments . . 


120 


41 


66 


4 


1970 










Balance . . . 


465 


23 


128 


193 


Receipts 


579 


58 


192 


202 


Payments . . 


114 


35 


65 


4 


1971 










Balance * ■ - 


495 


32 


126 


216 


Receipts ... 


621 


67 


200 


221 


Payments . . 


126 


35 


74 


5 



Source. 



Dfif^artmant oi Commarce. BUreauofEconOfliic Analysis. Stz/^tW of 
Current Business. Juna f972. 



^ Except United KinQt^om. 

Sgurca: Oep^rtneol ot Commerw. Buraau of Economic An^iVSia. Survey of 
Citrreni Busirta^s* Juna 1972^ 
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Table 12* U*S. trade balance In technology-Intensive and nontectuta^ogy-tmenttve rnanufactured products* 1960-71 

[Dollars in millionf^] 



Product I960 1961 1962 1963 1964 1966 1966 1967 1966 1969 1970 1971 
Tectinology Jn tensive: 

Balance . $5*850 $6*167 $6,672 $6,900 $ 7,667 $ 6*062 $ 7,665 $ 6*686 $9324 $10*316 $11,570 $11*607 

Export - - - 7,617 7,926 6-617 6,664 10,137 10,946 12*015 13,227 15*104 16»732 19.024 19*958 

Import ... 1,6e7 1*741 1,945 1,964 2,250 2,686 4,130 4,541 5,460 6,414 7,454 6.351 

No Die ethnology intensive: 

Balance . -66 +137 -301 -^11 -436 -1*221 —2*667 -3,434 —6,123 —7*201 —9*062 -11*070 

Export ... 5*073 5*079 5*603 6*005 6.497 6*641 7,270 7*634 6,176 9,395 9*467 10.627 

Import ... 5*161 4*942 5*804 6*416 6.935 7,662 9,657 11,068 14,299 16,695 16*529 21*697 
Sourc«: DePsrImenI of Cominerce* Gureftj or ln1em»tional Commer<». Cwr»fl$ Bvsin^its FtaP^rr^ iOBR 57*43* August 1967 and OaH 73*005. April 197^). 



Table 13a. u*5. Irade balance In technology-lnlensLve producl^ 1966*71 

(Dollars in miliions) 



Product 



1966 



1957 



1966 



1969 



1970 



1971 



Nonelectrical mactiinery: 

Balarrce $3,972 $4*079 $4*l26 $4,624 $5*343 $5,023 

Export 5,637 6*032 6*400 7*241 6*435 6*516 

Import 1.66S 1*953 2,274 2*617 3*094 3*492 



Aircraft: 

Balance 

Export * 

import 

Chemicals: 

Balance 

Export 

tmport 

Electrical mactiinery: 

BalarKe 

Export 

Import 



606 968 1*604 
676 1*216 1*867 
272 248 294 



1,692 1*610 2,119 
2*602 2v706 3,177 
910 696 1*056 



6&3 924 743 
1,663 2*059 2*234 
1 010 1,135 1,491 



1,528 1,911 2,443 
1,612 2*165 2,741 
284 274 296 



2.109 2.347 2,174 
3,255 3,677 3,673 
1,146 1*326 1,499 



660 675 459 
2,620 2*934 3*006 
1,940 2.259 2,547 



Instruments: 



Balance 


331 


369 


379 


421 


469 


471 


Export 


544 


604 


640 


754 


824 


650 


Import 


213 


235 


261 


333 


355 


379 



Source: Dsfwom^t ot Commerce, Bureau qI ln\etnaion»> Commerce, OfeisetsSiiilnsss RaP^iit lOBR T2-00&, AP'^I 
1972). 
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Tabl9 13b, U>S, irade balance wllh olher nations in tQChnologH'^^^n«lve PfoducIV 

1966-71 

[Dolbrs h mlfllons] 



Nations 


1966 


1967 


1968 


1969 


?970 


7971 


Developing nations: 














Balance 


. . . $3,659 


$3S16 


$4,544 


$4,595 


$5,102 


$5^13 


EKpon 


3.902 


4.162 


4,877 


5,079 


5,731 


6.119 


Import 


243 


246 


333 


484 


629 


806 


Wesiern Europe; 














Batance 


1,fe66 


1,861 


1.897 


2.310 


3.162 


2.697 


Export 


3.641 


3.937 


4.351 


4,979 


6.147 


5,919 


Import 


1.975 


2,076 


2.454 


2.869 


2.985 


3,222 


Canada: 














Balance 


1J77 


1,891 


1,552 


1,912 


1,559 


1,854 


ExPort 


2,815 


2,914 


2,975 


3.376 


3.388 


3,903 


Import 


1.038 


1.223 


1.423 


1.564 


1,829 


2.049 


Japan: 














Balance 


-^1^7 


—133 


-221 


-353 


-^253 


-552 


Export 


647 


754 


909 


1.151 


1.507 


1.484 


lmP<>rt 


794 


807 


1,130 


1,504 


1.760 


2,036 



^ Excludes mil^ry aircraft. 



Soured: PepartmwtorcommdrMH Bureau cf \r\terM\ktni\ Commerce. Overseas Business Ropoets (OBR 7^.001. May 
m2K 



Table 14«, MaUonal RAD expendllym, 1961-72 
[Dollars in billions] 



Current Constant 1958 



Year 


do//ars 


tfo/Zars' 


1961 


$14.6 


$13.9 


1962 


15.7 


14.8 


1963 


17.4 


16.2 


1964 


19.2 


17.7 


1965 


20.4 


18,4 


1966 


22.3 


19,5 


1967 


23.6 


20,1 


1968 


25,1 


20,5 


1969 . 


262 


20,4 


1970 


26,7 


19,7 


1971 (prelitn,) 


27.3 


19,3 


1972 (est.) 


289 


19,8 



■ GNP prlc« <jQtlator was (J^»d c«nfV«f1 cu^nrA to constant <$D]larv. 
SoorcK NaitJcnai Science Foundation, NaUon^ Ptttems cfMO R^&ovrc9s, 



Table '4b. Natfon«l MO expendlO/res a» a percent of gross national producli by wcicu i9$i-72 

[Dollars in billions] 



Total R&O ToisiR&D Federat tndustry Other 



ettpendi- stsp^rcBnt Percent Peres.., Percent 

Year tares ONP of GNP Amount ofGNP Amount ofGNP Amount otGNP 



1961 


$14.55 


$ 520.1 


2.60 


$ 9.264 


1.761 


$ 4.749 


0.913 


$ .539 


,104 


1962 


15.67 


560.3 


2.60 


9.926 


1.772 


5.114 


.913 


.625 


.112 


1963 


17.37 


590.5 


2.94 


11.219 


1.900 


6.449 


.923 


.703 


.119 


1964 


19.21 


632.4 


3.04 


12.563 


1.965 


5.660 


.930 


.761 


A?A 


1965 


20.44 


664.9 


2.96 


13.033 


1.903 


6.539 


.955 


.667 


.127 


1966 


22.27 


749.9 


2.97 


13.992 


1.666 


7.317 


.976 


.957 


,126 


1967 


23.61 


793.9 


2.97 


14.419 


1.616 


6.134 


1.025 


1.059 


.133 


1968 


25.12 


664.2 


2.91 


14.952 


1.730 


6.997 


1.041 


1.170 


.135 


1969 


26.16 


930.3 


2.81 


14.914 


1.603 


10.006 


1.076 


1.254 


.135 


1970 


26.70 


976.4 


2.73 


U798 


1.516 


10.541 


1.080 


1.356 


.139 


1971 


27.32 


1,050.4 


2.60 


14.991 


1.427 


10.911 


1.039 


1.416 


.135 


1972 (est.) 


28.94 


1,160.5 


2.52 


15.900 


1.362 


11.570 


1.006 


1.470 


.128 



Source; National Science Foimdalion. Natfon^t tfattam^ of fla£7 fiesovrefls. fflSF 73*3(»>. 



Table 14c, NatlonM RSO expendlUim* by source* 19S1-72 
[Dollars in billions) 



Current doiiars Constant ^056 doitars^ 

Universities Universittes 
Federal and federat and 

Year Qovernmenf tndustry cotteges Government industry ooneges 



1961 


$ 9.3 


$ 4.7 


$ .4 


$ 


$4.5 


$ .4 


1962 


9.9 


5.1 


.4 


9.4 


4.8 


.4 


1963 


11.2 


5.4 


.5 


10.5 


5.1 


.5 


1964 


12,6 


5.9 


.6 


11.5 


5.4 


.5 


1965 


13.0 


6.5 


.6 


11.8 


5.9 


.6 


1966 


14.0 


7.3 


.7 


1^3 


6.4 


.6 


1967 


14.4 


6.1 


.6 


12.3 


6.9 


.6 


1968 


15.0 


9.0 


.8 


12.2 


7.4 




1969 


14.9 


10.0 


.9 


11.6 


7.6 




1970 


14.6 


10.5 


1.0 


10.9 


7.8 




1971 (prelim.) 


15.0 


10.9 


1.0 


10.6 


7.7 




1972 (est.) .... 


15.9 


11.6 


1.1 


10.9 


7.9 





< QMP piic« dfffialOf w«s umd to convert cufrervt lt> con»tanl doFlars, 

Mote: Olher nonpfQfft it\etLtulk>fu' R(D e^pendiiurM ranged Irocn |ilQ fntllk>o In 1961 to $335 million In i972. 
Sguro«c Metlanal Science Foundeiion. Nvtionat PsMrM of MO ft^sootcet, (mSF T3-303>. 
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Table 14<£> National MO expend<Uire«i by character 
o1 work, 1961-72 

[Dollars In billions] 



CurrerJt doitars Corystant 1958 doitars^ 





Basic 


Applied 


OavGiop- 


Basic 


Applied 


Oeveiop- 


Year 


research 


research 


msnt 


research 


research 


ment 


1961 


1.5 


1.5 


32 


3.0 


9.9 


9.4 


1962 


1.9 


1,8 


3.6 


3.6 


10.0 


9.5 


1963 


2.2 


2.0 


3.9 


3.6 


11.3 


10.5 


1964 


2.6 


2.4 


4.3 


4.0 


12.4 


11.4 


1966 


2.9 


2.6 


4.5 


4.1 


13.0 


11.6 


1966 


3.1 


Z7 


4.8 


4.2 


14.3 


12.6 


1967 


3.4 


2,9 


5.0 


4.3 


15.2 


12.9 


1968 


3.7 


3.0 


5.4 


4.4 


16.0 


13.1 


1969 


3.6 


2,9 


5.6 


4.4 


16.8 


13.1 


1970 


3.9 


2.9 


6.0 


4.4 


16.6 


12.4 


1971 (prelim.) 


3.9 


2.8 


6.1 


4.3 


17.3 


12.2 


1972 {est.) . ... 


4.1 


2.8 


$.5 


4.4 


16.4 


12.5 



< GMP pnr^ Oeflator was u««d to convert currant con*t«nt ddlBr^ 

Source Nolldnftl Scl^ncQ FounOBtian. Arationi/ Pafiv^ns or Rl£> RetQurcv^ 1953-73 {USf 73-303). 



Table 15> Sclentltit and anglneer*^ employed In RAD, by sector, 1961-72 

{Irj thousands] 



Urt/vers/lies 
Fadarai and 
Yaar Totai Governmant industry cothges Other 



1961 425.2 50.6 312.0 4^4 20.2 

1965 496.2 64.2 346.4 53.4 30.5 

1968 550.6 683 $81.9 66.0 34.4 

1969 559.4 70.3 386.8 68.3 35.0 

1970 549,7 69.8 377.4 68.5 34.0 

1971 532.8 68.5 363.4 68.4 32.5 

1972 (est.) 525,4 68.0 356.0 67.6 33.8 



FulMlme equhrtlanls. 

Sourcor UAt\Of)tiSc\9i^t^OiM\<it(iiton.N^tkHiii Pati^/jAtif ft^ f953-7i9 4NSF 73-303). 



Table 16< Federal R&D expenditures as a percent of lotal 
Federal outlays, fiscal years 1961-V2 

[Dollars rn mitiions| 





Totaf FBderal 


Fed'f expendi- 




Year 


outfays 


tures for MD 


Percent 


1961 


92,136 


8,747.9 


95 


T962 


101.005 


9.831,6 


9.7 


1963 


1C4.740 


11,338.5 


10.8 


1964 


111,651 


13,758.9 


12.3 


1965 


111,182 


13,811.4 


12 4 


t966 


126,731 


14.97C.2 


11.8 


1967 


149.602 


16.073.0 


107 


1968 


169,588 


16,333,3 


9.6 


1969 


173,874 


15.695.4 


9.0 


1970 


184.656 


15,159.3 


8.2 


197 1 


199.192 




TJ 


1972 (esr) ... 


22K620 


16.007.4 


7.2 



Source' National Science FoundstionH An An^tyiti of Ped^rat RSD 
Fvndsng tty Budg&t fucuon. J9€0-i9?£ (NSF 71-25) and An 
AflAtyS'^ of F&d^rai R&O fxtnUtng by Function, Fiscal Yean 
t963'J9?3iUSF 72-313^. 



Table 17< Federal R&D expendMures for selectee^ functions^ fiscal years 1963-72 

[Dollars in million&j 



functm 


l%3 


m4 


J 965 


196$ 


m? 


ms 


1%9 


1970 


1971 


IS72 












Current dollars 










National defense 




7,999,8 


7.179,3 


7,199.9 


8433.7 


8,593.8 


8.321.7 


3.067.1 


8.161.7 


8702,7 


Space 


2,429.7 


1832.0 


4>638.3 


5.409.1 


5,168.0 


4,576.7 


4.U96 


1596.7 


3,207.5 


2.960.1 


Health 


5918 


740.5 


662,8 


798.5 


92i.8 


1,125.3 


1,0917 


U64.1 


1,217.3 


1,386.8 


Advancement of science 






















and technology 


296.4 


356,4 


371.7 


423.4 


493.6 


544.5 


571.4 


589.9 


619.3 


m.s 


Environment 


171.9 


1897 


2111 


235.1 


275.2 


304.1 


331.8 


370.4 


419.6 


509.2 


TTansportation 


112.0 


145.9 


198,3 


264.7 


356.2 


365.9 


377.9 


451.0 


684.1 


607.3 


Energy conversion and 






















development 


265.3 


278.6 


281,2 


274.6 


29ir 


M4.7 


345.6 


341.0 


336.9 


405.2 


Agficultufe 


138.8 


150.4 


169.0 


195.8 


21^.£ 


225.9 


228.6 


239.1 


261.8 


288.1 


Economic security 


22.1 


27.0 


41,6 


94.4 


86.7 


97.5 


133.9 


144,1 


149.1 


1519 


Education 




12.7 


19,4 


37.5 


70.0 


86.8 


93.4 


917 


115.0 


125.5 










Constant 1958 dollars^ 










National deJense 


a&35.8 


7,414.1 


6.532.6 


6.422.7 


7^0.0 


7,172.6 


6,657.4 


6.120.7 


5,888.7 


6.051.9 


Space 


22816 


1551.4 


4,220,5 


4,825.2 


4,466.7 


3.820.3 


3,295.7 


2,729.0 


2,314.2 


2.058.5 


Healtti 


558.1 


686.3 


6011 


712^ 


7%.7 


939.3 


975.0 


8812 


978.2 


964,4 


Advancement of science 






















and tectinotogy 


278.6 


330.3 


338.2 


377.7 


426.6 


454.5 


4S7.1 


447.6 


446,8 


490.0 


Environment 


16L6 


175,8 


193.9 


209.7 


237.9 


253.8 


:65.4 


281.0 


3027 


354,1 


Transportation 


105.3 


135.2 


180.4 


236.1 


307.9 


305.4 


302.3 


342.2 


493,6 


422.3 


Energy conversion and 






















development 


249.3 


258.2 


255.9 


245.0 


253.7 


287.7 


276.5 


258.7 


2411 


281,8 


Agriculture 


130.5 


139,4 


153.8 


174.7 


185.7 


188.6 


182.9 


181.4 


188,9 


200.3 


Economic security 


20B 


25.0 


37.9 


84.2 


74.9 


81.4 


107.1 


109.3 


107,6 


107.0 


Education 


9.0 


11.8 


17.7 


33.5 


60,5 


72.5 


74.7 


71.] 


83.0 


87.3 



* GNP price deflator wa» ^ convert currant to constant dOUars. 

Source: National Science FoundaUon. An Analysis of Federal R&O Funding by Function^ Fiscal Y^fs ^9613-73 (NSF 72-3i3) 
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Table 18a. tndustrJat MO expenditures^ 1961-72 

(OoUars in billions) 



Table 18b. IndustrtatRADexpendfturesi by «Qurcei 1961-72 

[Dollars \n billions) 



Year 


Current 
dotfars 


Coosfanf i95B 
dotf&rs' 


1961 


$10.9 


$10.^ 


1962 


11.5 


10.8 


1963 


12.6 


11.8 


1964 


13.5 


12.4 


1965 


14.2 


12.8 


1966 


15.5 


13.6 


1967 


16.^ 


13.9 


1968 


17.4 


14,3 


1969 


16.3 


14,3 


19/0 


18.2 


13.4 


1971 


19.-4 


13.0 


1972 (est.) 


19.5 


13.4 


GNP price dftflalor was used lo convert Current lo constant dollars 
Source National Science f^OundaMon, f^aUonafPatWms Of ff&O fiesoufceSr 





Current doifars 


Constant 195S doUars' 


Year 




Federal 




Federal 




industry GovBrnmeni industry Government 


1&61 


$4.7 


$6.2 


$4.5 


$6.0 


1962 


G.O 


6.4 


4.8 


6.1 


1963 


5.4 


7,3 


5.0 


6.8 


1964 


5.8 


7.7 


5,3 


7 1 


1965 


6.4 


7.7 


5.8 


7.0 


1966 


7.2 


8.3 


6.3 


7.3 


1967 


8.0 


8.4 


68 


7,1 


1968 


8.9 


8.6 


7.3 


7.0 


1969 


9.9 


8.5 


11 


6.6 


1970 


10.4 


7.8 


11 


5.8 


1971 


10.7 


7.8 


7.6 


5.4 


1972 (est.) 


11.4 


8.1 


7.8 


5.6 


'GNP Price deMator was 


to convert 


current 10 


constani dollars. 



^NSF 73.303). 



Source 



National Science Foundatfonn f^attOrt^t Pattern$ of R&D RvsoorceSr 
1953*73 (NSF 73-303) 



TAbte 19* Scientists and engtneer&^ en^dged in industrtai 
RAO* by source of 1un<l«* 1962-71 



Federal 



Year 


industry 


Governmenf 


January 1962 


172.800 


139.200 


January 1963 


169.500 


157,800 


January 1964 


174 600 


165,600 


January 1965 


180,400 


163.200 


January 1966 


190,300 


162.900 


January 1967 — 


205,700 


161,300 


January 1968 


219,600 


156,800 


January 1969 


229.500 


157.700 


January 1970 


235,900 


148.200 


January i97^ . 


229.700 


129,600 



' Full^tin^e ^uivalents 



Source National Science Foundation, ftesea/cha/rd Development inlntfE/sfy. 
(NSF 72-3t)9) 
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Table 20. Industry's ov^n funds for R&D^ by selected Industry^ tS61-70 
[DolJare in millions) 



TtfXJiJ'^H J 


iVo t 








1965 1966 
Current doltars 


1967 




lyov 




Efectnca/ equipment 








. . — 








* — 






and communication 


$887 


$949 


*roi7 


$1,093 


Ci one 


$1,414 


$1,552 


$1753 


$1,965 


$2,061 


Ch6mtcal£ and allied 






















products 


881 


939 


1.004 


t.0d8 


1 .lad 


1.271 


1.357 


1.458 


1,538 


1.624 


Machinery 


see 


644 


709 


786 


860 


974 


1.066 


1.197 


1.355 


t.445 


Motor vehicles and 






















other transportation 






















equipment 


711 


718 


799 


854 


698 


995 


966 


1.106 


1.257 


1,232 


Aircraft and 






















missiles 


392 


454 


452 


445 


622 


753 


1.070 


1.152 


K276 


1.107 


Petroieum refining 






















and extraction 


2B0 


2B9 


296 


330 


364 


383 


409 


466 


522 


565 


Professional and 






















sc:eot*ffc instru* 






















ments 


180 


202 


202 


229 


257 


298 


321 


368 


455 


508 












Constant ' 


19SB dollars' 








Electrical equipment 






















and communication ..^ 


848 


897 


949 


1.004 


1,086 


1,241 


1.320 


1.433 


1.533 


1.524 


Chemicals and allied 






















products 


842 


888 


937 


1,009 


voei 


1,116 


1.115 


1.192 


1.200 


1,201 


Machinery 


562 


609 


662 


724 


776 


855 


907 


979 


1.057 


1.069 


Motor vehicles and 






















other transportation 






















equipment 


aeo 


679 


746 


785 


810 


873 


839 


904 


981 


911 


Aircraft and 






















missives 


375 


429 


422 


409 


561 


661 


910 


942 


995 


819 


Petroleum refining 






















and extraction 


268 


273 


276 


311 


328 


336 


348 


383 


407 


418 


Professional and 






















scientific instru- 






















ments 


172 


191 


189 


210 


232 


262 


273 


317 


355 


376 


^ QNP price deflator was used to oooverl currertf to constant dollars. 



Source. WatJona* Science foundation, ft^search and Devmopment m tnausify. tgjo (NSf 72-309). 
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Tdble21b* Sources o1 lunds lor basic research, 1960-72 

(Dollars in millions] 











Univer- 


Won- 






Foderaf 






profit 






Govern- 


indus- 


and 


institu- 


Yesf 


Totaf 


ment 


try 


cotf^ges 


tions 








Currer^l dollars 






I960 


$1,326 


$ 693 


$331 


$215 


$ 87 


1961 


1.543 


641 


350 


250 


102 


1962 


1.666 


1.091 


362 


293 


120 


1963 


2.196 


1.310 


414 


343 


129 


1964 


2.559 


1.595 


424 


402 


138 


1965 


2.853 


1.617 


448 


445 


143 


1966 


3.127 


1.990 


496 


494 


147 


1967 


3.363 


2.1 -'9 


477 


551 


156 


1968 


3.658 


2.354 


516 


621 


165 


1969 


3.770 


2.396 


519 


678 


175 


1970 


3-946 


2.474 


535 


747 


196 


1971 (prelim.) 


3.926 


2.416 


520 


793 


197 


1972 (est) 


4.100 


2.525 


545 


825 


205 






Cor^star^t 1958 dollars^ 




1960 


1.284 


671 


320 


208 


84 


1961 


1.475 


803 


334 


239 


97 


1962 


1.783 


1.031 


361 


277 


113 


1963 


2.049 


1.222 


386 


320 


120 


1964 


2.351 


1.465 


389 


369 


127 


1965 


2.573 


1.639 


404 


401 


129 


1966 


2.744 


1,746 


435 


433 


129 


1967 


2.860 


1.653 


406 


468 


133 


1966 


2.991 


1.925 


423 


508 


135 


1969 


2.941 


1.870 


^5 


529 


136 


1970 


2.916 


1.829 


396 


552 


140 


1971 (prefim.) 


2.772 


1J06 


367 


560 


139 


1972 (est.) 


2.812 


1.732 


374 


566 


141 



* GHP price delator was osed (o convert cu'.dnl to constant dollars. 

Source f^ationar Science Foundationn National P^tfoms of MO ft«ioorC«Sr t953'?3 (f^sr 73*303}. 



Tabie 22. Federal expenditures for basic research* by performer* 
1960-72 

(OoNars in miU^onsf 









Untver* 




Non* 




Federai 




sfties 




profit 




intra- 


md US- 


and 




institu- 


Year 


mural 


try 


cotteges 


FFRDC's' 


tions 








Current dollars 






1960 


\m 


79 


299 


97 


58 


1961 


206 


81 


382 


115 


57 


1962 


251 


143 


481 


136 


80 


1963 


299 


147 


610 


159 


95 


1964 


364 


165 


767 


191 


108 


1965 


424 


186 


879 


208 


120 


1966 


449 


173 


1,009 


227 


132 


1967 


478 


202 


1,124 


250 


125 


1968 


512 


180 


1,260 


276 


118 


1969 


577 


160 


1.275 


275 


111 


1970 


658 


159 


1,288 


269 


100 


1971 (prelim.) 


535 


170 


1,336 


260 


115 


1972 (est.) 


575 


180 


1.355 


285 


130 






Constant 1958 dollars^ 




1960 


156 


76 


290 


94 


56 


1961 


197 


77 


366 


110 


54 


1962 


237 


135 


455 


128 


76 


1963 


279 


137 


669 


148 


89 


1964 


334 


1S1 


705 


175 


99 


1965 


382 


168 


793 


188 


108 


1966 


394 


152 


885 


199 


116 


1967 


406 


172 


956 


213 


106 


1968 


419 


147 


1,037 


226 


96 


1969 


450 


125 


994 


214 


86 


1970 


48e 


117 


952 


199 


74 


1971 {prelim.^ 


378 


120 


943 


164 


81 


1972 (est.) 


394 


123 


929 


195 


89 



' Federally Funded Research and DeveloPnnent Coolers admimsiar^ by universities 
^ GNP Price deflator was used to converl curreni lo cor^slarii dollars 

Sourc* National Science Fogndaton. H^ttOnai Par/ernS of flaO fl&$ot//c&s, 1950*73 (NSF 73*303) 



Table 23, Federal obllgaDons fof basic research, b^ suPPorllng agency, 1960-72 



IDoriars in millions] 



Agency 


i960 


mi 


J 96^ 


1963 


J 964 


f965 


J 966 


J 957 


J96S 


J 959 


J 970 


J97J 


1972 




























(est) 














Curient dollars 












Total 


$630 


$825 


S3 ,306 


$3,389 


$3,567 


$3,600 


$1,844 


$2,035 


$2,072 


$2,094 


$2,062 


$2,132 


$2,395 


DePaTtment of Agriculture . . 




43 


50 


56 


68 


90 


94 


300 


300 


307 


316 


118 


338 


Department o( Defense . . . 


168 


173 


204 


231 


243 


263 


262 


284 


263 


276 


247 


262 


265 


Department of Health- Educa- 




























tion, and Weliare 


103 


137 


190 


236 


274 


303 


326 


372 


397 


373 


388 


397 


467 


Atomic Energy Commission . 


304 


167 


192 


239 


238 


258 


281 


302 


282 


285 


287 


277 


270 


National Aeronautics and Space 




























Administration 


97 


190 


316 


447 


524 


528 


559 


603 


656 


678 


637 


680 


750 


National Science 




























Foundation 


68 


77 


104 


341 


355 


171 


223 


239 


252 


248 


245 


273 


353 


All others 


35 


39 


50 


59 


66 


77 


98 


115 


122 


129 


142 


125 


352 


Constant 1958 dollars' 


Total 


591 


789 


1046^ 


1,296 


1,440 


1524 


3.618 


3.714 


1,694 


3,633 


1,525 


1.506 


],e43 


Department of Agriculture . . 


33 


39 


47 


52 


62 


81 


82 


85 


82 


83 




83 


95 


Oepavtment Oeiense 


163 


165 


193 


216 


221 


237 


230 


242 


215 


235 


183 


185 


182 


Department o( Health* Educa- 




























tion. and Welfare 


100 


133 


3 SO 


220 


252 


273 


28G 


316 


325 


289 


287 


280 


320 


Atomic Energy Commission 


101 


160 


182 


204 


219 


233 


203 


257 


231 


222 


212 


196 


385 


National Aeronautics and SPace 




























Administration 


94 


182 


299 


417 


481 


476 


491 


513 


536 


529 


471 


480 


514 


National Science 




























foundation 


66 


74 


98 


J 32 


J42 


154 


196 


203 


206 


393 


181 


193 


242 


All olhers 


34 


37 


47 


55 


61 


69 


86 


98 


100 


101 


105 


88 


104 



' ONF) Price deflator was to conven current to constani dollars 

Source. National Science Found^llOn. f^erai Funds for fteSBarch. DevetoPmenl and Otfiei SCtenttftc ActivtTtas. Vol. XXI (MSF 72,3i7). 
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Table 24. Estimated expenditures for basic research In universities 
and co1lege«f by Held of science* 1964-72 
(Doirars in milhorrs] 













Prer est. 


FiBtd of science 


1964 


wee 


196B 


T970 


1972 






CtirrenI dollars 




It^iai .r1+1.h..11 + 




$1,601 


$2,011 


$2,186 


$2,541 


En9in66rif>Q 




226 


270 


280 




PhysicEit sciences + 




270 


296 


300 




Astrono ny 


15 


£0 


22 


16 


22 


^nsmisLry ^ h . h + + + * 


. . , f£. 


82 


96 


97 


1 1 £ 


rnysics + + + + 


Ill 

... Ill 


151 


160 


156 


IDO 


rnySrCa] *cjenccs+ Ji.e.c. 




17 


17 


31 




cnvironiTier' ai s^icii^ys n , + + 


52 


62 


109 


105 


138 


Maineriisiics - . ^ * * ^ + ■ 


oy 


46 


63 


82 




Life scierices; 


643 


784 


940 


1.058 


1,228 


Biological sciences 


287 


367 


433 


450 


580 


Clinical medical 


311 


360 


443 


497 


571 


U)e sciences^ n.e.c 


45 


58 


64 


111 


77 


Psychology 


36 


44 


62 


64 


88 


Social sciences 


98 


131 


195 


217 


275 


Otjier sciences^ n e,c 


18 


36 


77 


80 


95 






Constant 1961 dotlafs' 




Total 


1J_59 


1.376 


1,584 


1,555 


1.626 


Engineering 


149 


194 


212 


199 


198 


Physical sciences 


... . 195 


233 


233 


213 


210 


Astronomy 


14 


17 


18 


11 


14 


Chemistry 


67 


71 


76 


69 


72 


Physics 


102 


130 


126 


111 


104 


Physical sciences, n.ex 


12 


15 


14 


22 


20 


Environmental sciences 


48 


53 


86 


75 


85 


Mathematics 


36 


41 


50 


56 


51 


Life sciences 


591 


675 


740 


752 


786 


Biological sciences 


264 


316 


341 


320 


371 


Clinical medical 


286 


310 


349 


354 


365 


Life sciences » n.e.c 


41 


49 


50 


78 


49 


Psychology 


33 


36 


49 


46 


56 


Social sciences 


90 


112 


154 


154 


176 


01 her sciences* n.ex 


17 


31 


61 


57 


61 



* Aca<]emlc R&D Pric« Oenalor. 

Note: Detail may not to totals beoause oi roundinS 

Source: National Science Foundation, Rosources tor Scientific Activttiis &t Oniversitie^ and CoUe9ei. 
1971 tNSF 72-315). 



Table 25, Estlmaled Federal expendilures for basfc research In unlversllles 
and colleges, by field of scl^ce, 1964-72 
(DoMars in miMionsI 



Pi&fd of science 


1964 


me 


ma 


1970 


1972 






Current dollars 






Total 


766 


1.009 


1.251 


1,289 


1.409 




105 


151 


181 


182 


196 


Physical sciences ^ * r . 


164 


209 


223 


237 


233 




1^ 

lO 


17 


18 


14 


1 3 


Cherriistrv 


50 


60 


70 


71 


73 


Physics 


95 


122 


132 


132 


124 


PhvsicdL sciAhCfifi. n p 


6 


10 


13 


21 


21 


Environmental sciences 


39 


47 


71 


72 


95 


Mdlhenndtfcal and com outer 














21 


26 


34 


^3 


41 


Life sciences 


371 


472 


584 


51>1 


649 


BioJogical sciences 


126 


160 


204 


200 


245 


Clinical niedical 


218 


279 


345 


346 


372 


Life sciences. n,e.c 


27 


33 


35 


43 


32 


Psychology 


24 


30 


39 


40 


52 


Social sciences 


37 


53 


82 


63 


90 


Other sciences, n^e.c 


5 


21 


37 


41 


53 






Constaiit 1961 dollars^ 




Toyi 


704 


866 


985 


917 


901 


Engineering 


96 


130 


142 


129 


125 


Physical sciences 


151 


180 


176 


169 


149 


AstronofTiy 


12 


15 


14 


10 


10 


Chemistry 


4$ 


52 


65 


50 


47 


Physics 


87 


105 


104 


94 


79 


Physical sciences, n.e.c 


6 


9 


10 


15 


13 


Environmental sciences 


36 


40 


56 


51 


61 


Mathematical and computer 












sciences 


19 


22 


27 


31 


26 


Life sciences 


341 


406 


460 


420 


415 


Biological sciences 


116 


138 


161 


142 


157 


Ctinicaf medical 


200 


240 


272 


247 


238 


Life sciences* n.e,c 


25 


28 


27 


31 


20 


Psychology 


22 


26 


31 


26 


33 


Sociaf sciences 


34 


46 


65 


59 


58 


Other sciences, n.e.c 


5 


16 


29 


29 


34 



* ACftdwiic RSO price tJotlatOf. 

Note; Detail may not odd to totals because of rounding. 

Sou/cOL National Science Foundation. Re^ourc^^ tor ^cieotittc Activitt^$ at Unrv^ities &nd Cotieg^. 
1971 (NSf 72-31 Sh 
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Table 26. Federal and non-Federal research Umds per 
scientist and engineer In doctorale-g renting 
^Btltullons/ 1964-72 





Research expenditures 


Number of 




{constant 1961 doUdfsn 


scier}tiiits 






Non- 


and 


year 


Totai federal 


federai 


Br}gfneers 




. $13,138 $7,673 


$5,465 


103,537 


I9fi6 .... 


. 13,159 8.040 


5,119 


1 25,488 


19S8 .... 


. 13,-184 8.239 


5,245 


140,163 


1970 .... 


. 11,826 6.9C6 


4,920 


157,276 


1972-est . 


. 11,424 6,272 


5.152 


170,000 



' includes atl sCienlint'i and engineers ^full-lime-equivalenl basis) 

emi^oyetl in u/)iver5iltBS 
^ Ac«0emic R&D Pric« deflator 

source Nalfonai Science Foundaticr^. Resource^ for SCtCnttttc ActtvtUes 
a\ UmversUi&s ^nd Co//ege>& r97T. ^NSF 75-3l£) 



Table 27. Research expenditures per scierHlsl and engineer^ In doctoraie-grantlng 
insthutlonSi by selected field of science^ 1964-72 



1964 1965 1968 1970 1972 



fi^td of science Research expenditures per 

sctentlst or engineer 



Biological sciences 


$22,107 


$24,066 


$24,140 


$20,594 


$22,636 


Physics , 


24,483 


24.722 


23,499 


19,580 


18.073 


Engineef'tng 


12,728 


13.845 


15.457 


13,405 


12.859 


Chernistry 


14.448 


13,200 


12.810 


11,298 


11,272 


Psychology 


10.425 


9,758 


9.356 


8,174 


9,299 


Clinical medicine 


12.049 


11.449 


T 0.676 


9-356 


8.462 


Social sciences 


7.718 


7,332 


8.201 


7,490 


7347 


Mathematics and 












computer sciences 


7,268 


6,966 


6,656 


7.110 


5,630 






Total research expenditures 






<1n millions of 


oonstani 


1961 dollars') 


Biological sciences 


$339.2 


$396.2 


$415.5 


$367.3 


$455.0 


Physics 


1137 


151.4 


148.4 


131.5 


109.7 


Engineering 


T74.5 


231.9 


254.5 


239.3 


237,9 


Chemistry 


76.2 


81.0 


66.0 


78.7 


80.6 


Psychology 


35.5 


41.8 


5a2 


50.7 


63.7 


CMnical medicine 


318.6 


388,1 


427.1 


434.1 


426.5 


Social sciences 


105.1 


130,2 


176.9 


177,4 


200,1 


Mathematics and 












computer sciences 


39.3 


47.0 


58.3 


66,9 


56.3 




Number of scienllsts and engineers 


Biological sciences 


. . t5,343 


16.467 


17,212 


18,609 


20.100 


Physics 


4,644 


6,124 


6,315 


6.718 


6.825 


Engineering 


13.709 


16.749 


16,465 


17.849 


18.500 


Chemistry 


5.274 


6.134 


6,713 


6.969 


7.150 


Psychology 


3,406 


4.263 


5,686 


6.208 


6,850 


CJinlcal medicine 


26.442 


33,897 


40,003 


46.381 


50,400 


SociaJ sciences 


13,616 


17.756 


21.569 


23.683 


25,500 


Mathematics and 












computer sciences 


5.407 


6.747 


8.458 


9.417 


10.000 


' includes an scientists a^d «flgin««rs [fuii-lirne^qoivaieni basis^ enipk>y«d in \ 


jnivef^^he^ 







' Academic RAD price dellator. 

Souice: Motional Science FoundaTwn. Resources tor SctsntitiC Aciiifnie^ at Uwv^rsiti^s -nd Cotfegeti, t971 
O (I^F 72-315) Bfid Survey of Scientific AclrviliCS of InsUtutkons of Higher Education. 1973. 

ERlGo 



Table 28h Proportion ol Ph.D. academic alalf In 
aclence receiving Federal support and engaged fn 
basic research^ by field, 1964-70 

[Percentt 



Pietd oi sc/ence 


t964 


r966 


7968 


t970 


All Uelds , . . 


6d 


69 


64 


57 


Physics 


64 


62 


78 


74 


Biology 


77 


78 


76 


71 


Chemistry 


74 


74 


66 


60 


Psychology 


67 


66 


62 


53 


Earth and marine 










sciences ...... 


54 


56 


54 


51 


Mathematics 


51 


47 


43 


30 


Social sciences 


36 


39 


o7 


30 



Source MatiOnfi Science Foundation. aPeciiii labumhons from rhe 
National Rflgis1«f q1 SctenlifiC and Technical Personnel. 196l-rl> 



Table 29. Proportion ol young and senior Ph.D. 
acidemic staff In science receiving Federal 
support and engaged In basic research, 
1964-70 

[Percent 1 



AcacfemJc stati 


1^64 


1966 


1968 


1970 


Senior 


73 


74 


69 


63 


Junior 


64 


63 


58 


50 



Sour^q IMftTiOndt Science Foundation, special leOuiaih>ns frotn ine 
National I^gis1«f ol Scienlkric and Technical PerV^inei, 19&4.7I> 



Table 31. Total Federal expendllures lor 
Intramural basic research, 1960-72 



[Dollars in miironsf 






Con Star}! 




Current 


19^8 


Year 


doftars 




1960 


$160 


$155^ 


1961 . ... 


206 


197 


1962 


25 1 


237 


1963 


299 


279 


1964 


364 


334 


1965 


424 


382 


1966 


449 


394 


1967 


478 


406 


1966 


512 


419 


1969 


577 


450 


1970 


658 


486 


1971 (prelim. 1 , 


535 


378 


1972 test.) . . . 


575 


394 


' GM^ P^ice deflator 


was 1^ conven current ro can 


^lanl doilnrs 


Source Maiional 


Science Foundation var*or>af 


Parrefrts o/ 


/7a5OUrC0S 


. 1953 ^3 (WSf 73.303) 





Table 30- Ratio ol young lo senior Ph,D, academic stalf receiving Federal 
support and engaged In basic research, by field, 1964-70 



Percertf of Ratio oi young 

Fieid oi science sentor to seryior 





t964 


1966 


r968 


r970 


1964 


r966 


1968 


r970 


Physics 


86 


86 


83 


78 


95 


90 


89 


85 


Chemislry 


77 


78 


70 


63 


93 


91 


90 


90 


Social sciences . . . 


37 


43 


39 


34 


93 


81 


37 


74 


Psychology 


70 


71 


70 


62 


89 


84 


80 


72 


Biology 


81 


81 


80 


74 


87 


90 


89 


87 


Earth and marine 


















sciences 


54 


56 


53 


51 


81 


67 


86 


91 


Mathematics 


60 


59 


56 


45 


7Q 


64 


60 


46 



Source: Matiorul Science Foundation, ipec^al tabulalK>ns from tfte Nadonat Regnier of Scientr/ic and TachnCaf 
ParaonneL 1964.70. 
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Table '42. Federal obUgetlon* for Intramural baalc research, by teleded agencyi 1960-72 

(Dollars m million<;| 



Agency 


1960 




1962 


}963 


1964 


1965 


196$ 


1967 


im 


1969 


1970 


1971 


^972 














Current dollars 








■ 




Department o( Defense 


S52 9 


S54,5 


S65.1 


$72 8 


$757 


$80,0 


$34,8 


$81.9 


$86.2 


$90,3 


$95.6 


$99.0 


$106.^ 


rfabonalAeronauticsandSPace 




























AdmmFStration . . . 


2U 


4S7 


63:? 


83.9 


1270 


158.2 


154.7 


163.: 


179 3 


202,4 


238 ? 


171 5 


168.1 


Department or Agriculture 


22.9 


281 


31.7 


36.7 


42 5 


57.0 


621 


63.3 


67.3 


76.6 


854 


^6 5 


97.2 


Oepd/tment of Healthn Educa^ 




























lion. and Welfare 


17 8 


24 9 


306 


38.9 


44.6 


47,0 


58.6 


66 7 


69.6 


88.3 


113 7 


67 5 


76.7 


Department of the 




























Intenor 


18.7 


214 


22.7 


23.9 


26.2 


305 


33.7 


39.6 


41.3 


42.9 


39.8 


41.2 


48.0 


Der^rtment of Commerce . . 


8.6 


10 7 


15.0 


18,7 


20.6 


21.8 


19.9 


21.7 


23.6 


26.4 


35,9 


35.3 


41.8 














Constant 1958 


dollars^ 












Department ol De'erise 


52.0 


52.S 


62.2 


68.8 


69.6 


72.2 


74.4 


69.6 


70.5 


70.4 


70.7 


69.9 


73.3 


National AeronauticSciiuSPace 




























Administratton . 


26.7 


471 


604 


793 


116.7 


142 7 


135.8 


138.7 


146.6 


157.9 


176,5 


121 1 


115.3 


Department of Agriculture 


22,5 


27.2 


30 3 


34.7 


391 


514 


54.8 


62.3 


55,0 


598 


63.2 


61 1 


66.7 


j^partment of Health, Educa^ 




























twn. and Welfare 


175 


24.1 


29.2 


36.8 


41.0 


42.3 


51,4 


56.7 


56.9 


68 9 


84.1 


47.7 


52.6 


Department of the 




























Interior 


18.4 


20 7 


21.7 


2Z6 


24.1 


2-^5 


29.6 


33L7 


r^8 


33.5 


29.4 


29.1 


32.9 


Department of Commerce 


8.5 


10.4 


14 3 


17.7 


18.9 


19.7 


17,5 


18.5 


19,3 


20,6 


26.5 


24.9 


?S.7 



^ GnP Pfic«d«Uaio; waa used 1o convert curr«rti to con»tani dollars 

SogfCfl National Science Foundation. Fitd^rat Fu/xfe tOr fi^sea;c/i. Oovslopf^nt. amtOtr}^/ Sd^ntrttC ACUvitios, VOI XX< (nSF 



Table 33. Industrial basic research expendlture&k by 
source* 1960-73 

[Dollars in millions) 



Totai industry Government 







Constartt 




Constant 




Constant 




Curr^t 


195B 


Current 


195B 


Currant 


195$ 


Year 


doUars 


doUars' 


doiiars 


doitars' 


doUars 


doitars' 


1960 


$376 


$364 


$297 


$287 


$ 79 


$ 76 


1961 


395 


377 


314 


30(1 


61 


77 


1962 


488 


461 


345 


326 


143 


135 


1963 


522 


487 


375 


350 


147 


137 


1964 


549 


504 


384 


353 


165 


152 


T965 


592 


534 


406 


366 


186 


168 


1966 


624 


546 


451 


396 


173 


152 


1967 


629 


535 


427 


363 


202 


172 


1968 


642 


525 


462 


378 


180 


147 


1969 


618 


482 


458 


357 


160 


125 


1970 


629 


465 


470 


347 


159 


117 


T971 (Prerim.) . . 


625 


441 


455 


321 


170 


T20 


1972 (est,) 


660 


453 


480 


329 


180 


123 



^ GnP Price de' otor wa» osed lo convert current lo constant ttotrars. 

Source: NOltonat Salience Foundatk>n, national Patterm q/ flesoutce^* i953'7Q fNSF 73.303). 



T»ble 34, Industrial tiaalc research eKPendllur^s* by 
rield or science. 19C7-70 

jDollars in millions] 







ms 


1969 




rfSiv Of SCiGnCG 




Current 


dollars 




Eng'tneering 


172 


181 


171 


174 


Ch -nistry 


. 162 


191 


213 


200 


Physics and 










astronomy 


146 


126 


110 


97 


Life sciences ^ . . . 


69 


76 


74 


80 


Mathematics 


12 


14 


13 


14 


Environmental 










sciences 


14 


11 


12 


8 




Constant 1958 dollars* 


Engineering 


146 


148 


133 


129 


Chemistry 


138 


156 


166 


148 


Physics and 










astronomy 


124 


103 


85 


72 


Life sciences 


59 


62 


58 


59 


Mathematics . 


10 


11 


10 


10 


Environmental 










sciences 


12 


9 


9 


6 



' GNP Price deflator was u$*d to canv«r| current lo Con^ldnl do<f3r5 
Source Nal>OAal Scierice Foi^ ,dat»on. U^&99rct\ 9ftd DiveJOPm^t tn 
induSfrV. 1970 iUSf 72-309) 



Table 36« Natural scientists and engineers In 
reratlon to loral civilian employment.* 
1950-70 



Sclent f sis and 

Scientists and Totai civitian engineers per 
er}gineers empfoymer^t 10,000 civilian 
Year fi^y thousands) (in Ihousar^ds) emptoyees 



1050 


556,7 


58.920 


94 


1951 ^ 


611.8 


59.962 


102 


1952 


685.9 


60,254 


114 


1953 . 


748.7 


61,181 


122 


1954 


783.7 


60,110 


130 


1955 .. 


812 6 


62,171 


131 


1956 


873.7 


63.802 


137 


1957 


958.9 


64,071 


150 


1958 


1.001.2 


63,036 


159 


1959 .. 


1.057.9 


64.630 


164 


1960 . . 


1,104,0 


65,778 


168 


1961 .. 


1.151,5 


65,746 


175 


1962 


1*210.3 


66,702 


181 


1963 .. 


1,230.6 


67,762 


189 


1964 


1,327.0 


69,305 


191 


1965 .. 


1,366.9 


71,088 


192 


1966 


1,417.5 


72,695 


194 


1967 .. 


1,476.7 


74.372 


199 


1966 .. 


1,525.0 


75,920 


201 


1969 .. 


1,567.7 


77,902 


201 


1970 .. 


1,594.7 


78,627 


203 



' 16 years ol age or over 

source Estkrr^ate» Prepared by the Natlor^al Scienu Four^datkin bas^d 
on d«ra fiolJepted t>y ihe fouixJalior^ amJ ihe Bureau o1 Utoor 



Table 35. Total scientists and engineers^ by broad Iteld. 1960 and 1970 





Totat 




D.'s 


Field 


19S0 


1970 


^9so 


1970 


Totai 


1.167.000 


1.731,000 


89,200 


171*800 


Engineers 


797.000 


1,100,000 


7,500 


25,700 


Physical scientists 


168.000 


253,000 


30.400 


55.000 


Life scientists 


98,000 


180.000 


24.;oo 


42,000 


Social scientlsis 


70,000 


126*000 


22.600 


38.400 


Mathematicians 


34,000 


76*000 


4,000 


10,700 



Source E^iimoTea Prepared by the National Science Foundetion t>esed on data collected by rttt Fovnd$K>on er^d 
the Our^au of Labor Statistics^ D^artmer^t of LAbot. 



o 
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Table 37. Natural scientists and engineers In R&D^ 1960-70 



R&D scientists 
as percent of tot at 



Rotative ch&nge 



UnivBfsiti&s 



Universities 



Year 


Totat U.S. 


tndus' y 


and cotteges 


Totat it 


industry 


and cottet 


I960 


35.0 


34,7 


42.3 


100.0 


100.0 


100.0 


i9ei 


35.6 


35.2 


42.8 


106.1 


105.2 


107.8 


1962 


36.5 


36,3 


42,2 


114.5 


113.0 


113.6 


1963 


37.1 


37,1 


41.9 


123.2 


121.7 


122.0 


1964 


37,5 


37.1 


39.5 


129.0 


124.5 


126.6 


1965 


37,5 


37.2 


36.4 


132.9 


127.6 


1327 


1966 


37.1 


36,8 


36,8 


136.3 


131,1 


135.0 


1967 


37.5 


36.8 


39.7 


143.5 


136.2 


158.6 


''968 


36.2 


36.1 


36,6 


143.2 


137.0 


154,9 


1969 


35.0 


35,2 


35.7 


142.2 


137,5 


150.4 


1970 


33,6 


33.5 


33.2 


138.7 


131.9 


155.8 



Source 



EsttmaTe» Prepared t>/ the National Science Foundation based on daia collected by ih^ Foundation and 
Bureau o1 LitbOr Statistics. Departmeni of Labor 



Table 38. Distribution of non-Pti.D. and Ph.D. scientists and engineers^ 
by activity and broad field, 1970 







Non*Ph.D.*s 






Ph.D/s 




Fiefd 


Totaf 


R^D 


Other 


Totaf 


R&D 


Other 


Total 


.... 100.0 


31.3 


687 


100.0 


52.6 


47.4 


Physical scientists 


100.0 


38.9 


61.1 


100.0 


66.5 


33.5 


Life scientists 


.... 100.0 


31.7 


68.2 


100.0 


56.7 


43.3 


Mathemattcians 


100.0 


33.5 


66.5 


100.0 


27.1 


72,9 


Social scientists 


.... 100.0 


31,7 


68.3 


100.0 


30.7 


69.3 


engineers 


100.0 


29.7 


70.3 


1000 


59.1 


40.9 



Sourc* Estimates prepared by the National Sciencfl Foundation tMsed on data collected by the FbondaiiOn and 
th« Bureau of Labor Stati^ncs. Oepanment of Labor 



Table 39. Employment of natural scientists and ^ ngineersi by sector, 
1960 and 1970 



Sec for 

Total 

Private industry 

Federal Government 

UniveTSities and colleges 

NonproHt instftutions 



Percent distribution Percent increase 



J960 7970 1960-70 

100.0 100,0 44.4 

73,5 69.7 . 36.8 

15.3 15.0 41.8 

10.4 14.3 98.8 
.8 1.0 88,5 



Source: Estimates prapafod b/ trie Mational Science Foundation based on dafa collected by The Foundation and 
Ihe euroau of Labor Stati^t^. Oepanment of Labor 



ERIC 
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Table 40. Public secondary school enrollment In selected science and 
mathematics courses and total enrollment In grades 9 through 12, 
1960-61 and 1969-70 



Estimated 

enrotimenf (thousands) Index ^948-49-100) 



Course 




? 960-67 


7969-70 


7948-49 


7960-67 


7969^ 


Biology 


. . . 1 .062 


1.853 


3,197 


100 


175 


301 


Chemistry 


412 


745 


1.160 


100 


18T 


282 


Physics 




402 


482 


100 


138 


166 


Economics 


255 


293 


644 


100 


115 


331 


Sociology - 


186 


289 


495 


100 


155 


266 


Psychology 


47 


140 


344 


100 


298 


732 


Introductory algebra 


1,042 


1.607 


2.627 


100 


154 


252 


Introductory geometry . . . 


599 


960 


1,530 


100 


160 


255 


Advanced mathematics . . . 


609 


Vf74 


1,756 


100 


T93 


288 


Total enrollment. 














grades 9-12 


5.399 


8.219 


12.442 


100 


152 


230 



Source Nat^nai Science Foundation, Sa^ncG ^esour^os studio HigtHigtits, "Enrollment lr>criease in 
Science and Mathematics in Public Secontjary Schools. 1948-49 to 19^-70" (N3F 7T'30J. Oct. TS. Td7i. 



Table 41. Percenl change rn majors declared by Junior-year studentft, 
1d70to 1971 



Afa/or ftefd 


Fatt 1970 


Fall 1971 


Percent 
change 


Physics 


7,377 


6,759 


-8.4 


Bngineenug 


... . 66.421 


61.575 


-7,3 


Chemistry 


13.949 


13.646 


—2.2 


Mathematical sciences 


34,e00 


34.581 


—.6 


Basic social sciencos 


156,446 


170,388 


8.9 


"Alf other*' life sciences 


50,212 


56,896 


13.3 


"Ott>er" physical sciences 


8.302 


9.556 


15.1 


Preprofessional life sciences 


11,303 


14,^6 


26.7 


Applied social sciences 


16.375 


23.552 


43,8 



source ACE Higher Education Panel, Sutvey oi EnroHment ot Junior-Vjsr Students (FaH 1970 a^d t9Ti). 



Table 42. Percent distribuUon of fulMJme graduate students In doctorate departments* 
by area of science and type of support, 19$7-7V 



Typ^ of major support^ 



MathB- 

Att Engineer* Physicat maticai Life 
areas ing sctences so iencss scfencBs 



Psychoh Soctat 
ogy sciences 



Total 

Tetiowships and trainee ships: 



Research assistantships: 



Teaching assist an tst^ips: 
t967 

1968 

1969 

1970 

1971 

Other types of support^: 

1967 

1968 

1989 

1070 

1971 



100.0 



23.0 
23.5 
24,0 
25,2 
24.7 



21^7 
224 

24.7 
25.5 
29.0 



too.o 



1967 


32.4 


31.2 


1968 


32.1 


29.7 


1969 


29.7 


265 


1970 


27.6 


23.6 


1971 


25.4 


2?.0 



1967 


22.9 


29,0 


1966 


22.1 


29.7 


1969 


21.6 


29.3 


1970 


?1.7 


30.0 


1971 


20.9 


29.4 



12.7 
13.2 
13.8 
14,0 
14.1 



2''A 
27.4 
30.7 
32.4 
34.5 



100,0 



100.0 



100.0 



100.0 



100.0 



27.3 


26,0 


35.9 


42,3 


36.5 


26.4 


26.6 


36.7 


41.9 


36.2 


23.4 


23.7 


35.7 


41.6 


33.4 


20*^ 


20.6 


33.0 


40,6 


326 


1d.5 


18.8 


30.2 


35.0 


29.3 


31.4 


9,3 


25.4 


16.6 


11.0 


30.3 


8.5 


24.0 


15.1 


10.5 


31.6 


9.1 


22,2 


14.5 


9,5 


31.3 


9.6 


22.2 


14.4 


9.5 


30.1 


9.1 


22.5 


13.6 


9.4 


31.7 


40.5 


21.4 


18.7 


18.6 


32.9 


41.8 


21.6 


191 


18.4 


33.6 


42.3 


22.6 


19.3 


18.9 


36.5 


46.2 


23.5 


20.0 


19.6 


37.4 


44.1 


23.0 


20.4 


19.5 


9.6 


24,2 


17.3 


22 5 


33.9 


10.5 


23.0 


17.7 


24.0 


34.9 


112 


24.9 


19.3 


24.6 


38.2 


M.3 


23.5 


21.3 


25.1 


38.3 


14.0 


28.1 


24.2 


31^0 


41.8 



' Based on data ^ubmilted by 2.236 ctocror^re <?ePartmenfs submitting r/iain^^hiP ftpPlcaifOns m ea<!fi of Ifie Y^rs i967.70 and 2.990 docrofate 

departments r«porljng for 1971. 
'Major support re detined as a KoKtA sifflend of ti.2QC or mof^. inclusive of tuition. durin9 an academic year. 
^ Includes pr^nciPal^ fanriily or self-suPpori 

Sourc*. Special tabulations from Nail^r^al Science Foundation surveys of graduate student support 
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Table 43. DIslribulion of fulHIm^ graduate sludenB In science 
and engineering* by source ol support* 19G9-71 



Type oi major support 


1Q69 


1970 


1971 


Total full-time sluder>ts 


131,923 


131.902 


129.939 


U.S. Government 




45.640 


41.263 


lnsl*tutional support 


^7.415 


48.915 


48.296 


Self-support 


24 , 1 ^3 


2Sh155 


26.601 


Other sources 


11 .994 


12.192 


1 1h577 


Fellowships and traineeships 


36.972 


36.453 


32.968 


U S, Government 


26.671 


24.070 


20.959 


Institutional sup^jort 


6.777 


6.740 


6.628 


Self-support 






N.A. 


Otner sources 


5.524 


5.643 


5 401 


Research ass»s1antsh*ps 


26.506 


26.500 


27.249 


U.S, Government 


18.641 


18.451 


17.519 


Instilutronal support 


7.700 


8.034 


7.588 


Self-support 




— 0— 


— 0- 


Other sources 


2.165 


2.015 


2.142 


Teaching assistantships 


31.221 


32.616 


32.335 


U,S. Government 


295 


336 


384 


Institutional support 


30.790 


32.0 15 


31.729 


Self-support 


-0— 




—0-^ 


Other sources 


136 


285 


222 



Souths- Special tabuiatioris irom National Science Found a1 ion surveys of graduaie siudeni ajpport 



Table 44a. Bachelor*s and I Irsl -professional degrees in science and engineering, 

1959-60 lo 1970 71 





1959- 


!9$0- 




IS62- 


1963- 


\%4^ 


1%5^ 


i966- 


1961- 


1968^ 


}969- 


1970^ 


Fieid of science 


60 


61 


62 


63 


64 


65 


66 


67 


68 


$9 


70 


71 


All sciences and 


























engineering . ^ 


120.937 


121.660 


127.469 


135.964 


153.361 


164.936 


173.471 


187.849 


212.174 


244.519 


264.122 


271.176 


Physical sciences . . - 


16.057 


15.500 


15.894 


16.276 


17.527 


17.916 


17.186 


17.794 


19.442 


21.591 


21.551 


2L549 


Engirjeermg 


37.808 


35.866 


34.735 


33.458 


35.226 


36.795 


35.815 


36.188 


37.614 


41.553 


44.772 


45.387 


Mathematical 


























sciences 


11.437 


13.127 


14.610 


16.128 


18.677 


19.668 


20.182 


21.530 


24.0S4 


28.263 


29.109 


27.306 


Life sciences 


24.141 


23.900 


25.200 


27.801 


31.611 


34.842 


36.964 


39.408 


43.260 


48.713 


52.129 


52.640 


Social sciences 


31.494 


33.267 


37.030 


42.308 


50.320 


55.715 


63.424 


72.929 


87.774 


104.399 


116.561 


124.284 



source; U.S. Office of Education, famft^ Dogroos Ccnterrad. annual series. 



Table 44b. Bachelor's and first-professional degrees In science and engineering 
fis a percent of all bachelor's and flrsl-professional degrees, 
1959-fiOlo 1970-71 





195$* 


1960- 


196J' 


1%2* 


J963- 


1964- 


1965^ 


m6^ 


1967- 


J96$- 


mo- 


1910* 


Fieid of sc/e/Tce 


60 


$1 


$2 


63 


64 


65 


66 


67 


63 


69 


7b 


71 


A}\ sdences and 


























engineering . . 


30.6 


30.3 


30.3 


30.2 


30.5 


30.6 


31.2 


316 


31.6 


3L8 


317 


30.7 


Physical sciences , . . 


4.1 


3.9 


3.8 


3.6 


3.5 


3.3 


3.1 


3.0 


2.9 


2.8 


2.6 


2.4 


Engineering 


9.6 


89 


8.3 


7.4 


7.0 


6.8 


6.4 


6.1 


5.6 


5.4 


5.4 


5.1 


Mathematical 


























sciences 


2.9 


3.3 


3.5 


3.6 


3.7 


3.6 


3.6 


3.6 


3.6 


3,7 


3,5 


3.1 


Life sciences 


6.J 


5S 


6.0 


6.2 


6.3 


6.5 


6.6 


6.6 


6.4 


6.3 


6.3 


6.0 


Social sciences 


8.0 


8.3 


6.8 


9.4 


10.0 


10.3 


11.4 


12.3 


13.1 


13.6 


14.0 


14.1 



sources 0. S. OMIca ot Education. EafnwJ Oapr**! Confeff*</. annual series. 



Table 45a. Master's degrees In science and engineering, 1959-60 lo 1970-71 





J959' 




J96J^ 


J963^ 


J9S3^ 


1964' 


1965^ 


1966- 


J 967' 


1968- 


1969^ 


J 970' 


fieid of %cmce 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


7J 


M} sciences and 


























engineef/ng . . 


2om 


22,m 


25,146 


273$? 


30.271 


33.B35 


38r083 


4 J, 800 


45.425 


4a.425 


49.318 


50.624 


Physical sciences . . 


3,387 


3JSS 


3.929 


4.132 


4.567 


4.918 


4,992 


5.412 


5.508 


5.911 


5.948 


6.336 


Engineering . . , , 


7.159 


a. 178 


8.909 


9.635 


10.827 


12.056 


13,678 


13.835 


15.188 


15.243 


15.597 


16.347 


MatliemaDcal 


























sciences 


1.765 


2m 


2.680 


3.323 


3.603 


4.294 


5.610 


5,733 


6.081 


6.735 


7.107 


6.7B9 


Life sciences 


3r75I 


4.085 


4r672 


4.718 


5.357 


5r978 


6.666 


7.465 


8.315 


8.809 


8.590 


9.738 


Soda* sciences 


3.950 


4.4SG 


4.956 


5.559 


5,917 


6.589 


7.737 


9.305 


10.333 


11.727 


12.076 


12.364 



SOyfcc U S OHiCe o( E<luCatiOn. EArrr^ Degrees Cofftetfsti. annual series 

Table 45b. Master's degrees In science and engineering as a percent of al) master's degreesi 

1959-60 to 1970-71 





]959' 


1960^ 


mi 


1%2- 


1963- 


l%4- 


;965- 


1966 


1967- 


1968' 


1%S^ 


1370- 


ftefd of science 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


7} 


M\ sciences ar>d 


























engineermg 


263 




29.6 


29.9 


29.9 


30.2 


27.1 


26,5 


25.6 


24.9 


23.6 


21.9 


PhysicaJ scrences . . . 


4.5 


4,9 


4.6 


4.5 


4.5 


4.4 


3.5 


3.4- 


3.1 


3.0 


2.8 


2.8 


Engtneei^ng 


9.6 


104 


10.5 


10.5 


10.7 


10,7 


9.7 


8.3 


S.6 


7.8 


7.4 


7.1 


Mathematicar 


























sc/ences . . . 


2.4 


2.9 


3.2 


3.6 


3.6 


3.8 


3,6 


3.6 


3.4 


3.5 


3.4 


2.9 


Life sciences 


5.0 


5.2 


5.5 


5.2 


5,3 


5.3 


4.7 


4,7 


4.7 


4.5 


4.1 


3.B 


Social sciences 


5,3 


5.7 


5,8 


6,1 


5.9 


5.9 


5.5 


5.9 


5.8 


6.0 


5.3 


5.3 



Soof<;e: u S Orrice of EducaitDn. Eam&d Deff^ees Con/&fr9d. annoai serm% 



Table 46a. Doctor's degrees In science and engineering, 
1959-60 to 1970-71 





J959' 


1960^ 


J96J' 


!%2^ 


}963^ 


1964^ 


1965 


1966^ 


J9e7- 


1968- 


1969- 


1970^ 


f/eW of science 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


All scrences and 


























engineei^g . . 


6.056 


6.531 


7.249 


fi.055 


9.025 ^ 


10^52 


11.298 


12.759 


14.128 


15.839 


17.639 


18.466 


Physical sciences . . . 


1.838 


1.991 


2.122 


2.330 


2.455 


2.829 


3.045 


3.462 


3.593 


3.B59 


4.313 


4.391 


Engineering 


786 


943 


1.207 


1,378 


1.693 


2.124 


2.304 


2,614 


2.932 


3.377 


3,681 


3.654 


Mathematical 


























sciences 


303 


344 


396 


490 


596 


638 


801 


870 


983 


1.161 


J. 343 


1.327 


Life sciences 


1.647 


1.646 


1.304 


1.90B 


2.131 


2.474 


2.696 


2.900 


3.445 


3.779 


4.131 


4,746 


Social sciences 


1.482 


1.607 


l,;20 


1,899 


2,100 


2.137 


2,452 


2,913 


3.175 


3.663 


4,171 


4.348 



StnjrW U.S. Office of Education. EJ^™<^ Degrees Conterred. annual series. 

Table 46b. Doctor's degrees In sctonce and englneenng as e percent of all doctor's degreest 

1959-60 to 1970-71 



Fietdoi sc.e.ice 


;959' 
60 


19S0* 
61 


1981 
62 


1962- 
63 


J963- 
64 


1964- 
65 


1965- 
66 


196$' 
67 


1967- 
68 


1968. 
69 


J 969^ 
70 


1970^ 
71 


Al^ sciences and 


























engineering , . 


61.6 


61.8 


62,4 


62,8 


62.3 


6Z3 


61.9 


61.9 


61.2 


60.5 


59.0 


57.5 


Phyiical sciences , , . 


187 


ia8 


18.3 


18.6 


16.9 


17.2 


167 


16.8 


15.6 


147 


14.4 


13.7 


Engineering 


8.0 


3.9 


10.4 


107 


117 


12.9 


12.6 


12.7 


127 


12.9 


12.3 


11,4 


Mathemalical 


























sciences 


3.1 


3,3 


3.4 


3.3 


4.1 


4.2 


4.4 


4.2 


4.3 


4.4 


4.5 


44 


Life sciences 


I6.S 


15.6 


15^5 


14.9 


J5J 


15.0 


J4.8 


U.I 


14,9 


14,4 


13.8 


14.8 


Social sciences 


15.1 


15.2 


14.8 


14.8 


14.5 


13.0 


13.4 


14,1 


13,7 


14.0 


14.0 


13.5 



ERIC 



Source: Office of Educalkin. ^arrteri D^groe^ Cont^rtod. annual series. 
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Tabie 47. Geographic orlginSi by high school graduation! oi PKO/s In 
science and technology. 1970 



Ph. D. 's in science and 
Popufaffon engineering by State of 

(thousand s) high schoot graduation 

Regfon. division, and Aprii 1. 1960 April 1, 1970 

State (census) (cen&usj FY i960 FK 1970 

United States^ Total 179,S23^_ 203.166 5,1 26 14^272 

NORTHEAST 

New England ^ 10,509 11.S42 436 968 

Maine 969 992 29 39 

New Hampshire 607 736 33 67 

Vermont 390 444 10 23 

Massachusetts 5.149 5.689 240 543 

Rhode Island 859 947 35 73 

Connecticut 2,535 3.032 69 223 

Middle Atlantic 34.166 37 , 153 1.499 3.641 

New York 16.782 19.191 951 2.058 

•^iew Jersey 6.067 7,168 231 586 

Pennsylvania 11>3l9 11J94 317 997 

NORTH CENTRAL 

East North Central 36,225 40.252 L0|6^ 2,662 

Ohio 9.706 10,652 263 730 

Indiana 4.662 5.194 102 3P0 

JJ/inois 10,081 11. tU 403 915 

Michigan 7,823 6.875 168 519 

Wisconsin 3>952 4.416 150 379 



West North Central 15,394 16.319 493 1.415 

Minnesota 3.414 3.605 116 301 

Iowa 2.758 2.624 96 293 

Missouri 4.320 4.677 118 349 

North Dakota 632 618 16 49 

South Dakota 691 666 23 70 

Nebraska 1.411 1.463 50 123 

Kansas 2.179 2.247 73 ^30 

SOUTH 

South Atlantic 25.972 30.671 402 1^399 

Delaware 446 548 10 36 

Maryland 3.101 3.922 59 243 

District of Columbia ... 764 757 36 77 

Virginia 3.967 4.146 74 261 

WestV^rgfn^a 1.860 1.744 49 111 

North Carolina 4.556 5.082 43 186 

South Carolina 2.383 2.591 27 79 

Georgia 3.943 4.690 42 156 

Florida 4.952 6.789 62 250 



East South Centra) 12.050 12.803 176 602 

Kentucky 3.036 3.219 50 143 

Tennessee 3.567 3.924 46 205 

Alabama 3.267 3.444 46 145 

Mississippi 2.176 2.217 34 109 

West South Central 16.951 19.321 304 VI49 

Arkansas 1^786 1.923 42 81 

Louisiana 3.257 3.641 43 203 

Oklahoma 2.329 2.559 67 219 

Texas 9.510 11.197 152 646 



Tabfe 47—Contmuea 



WEST 

Mounlain 6 ,655 6,282 247 714 

Montana 675 694 28 71 

(daho 667 713 36 81 

Wyoming 330 322 20 38 

Colorado 1.754 2.207 55 160 

New Mexico 951 1.016 16 88 

Arizona 1.302 1.771 28 79 

Utah 891 1.059 59 156 

Nevada 285 489 3 19 



P^,^ific 21,198 26.523 ^505 1.522 

Washinglon 2.853 3.409 84 252 

Oregon 1J69 2.091 57 147 

California 15.717 19.953 344 1.078 

Alaska 226 300 2 7 

Hawaii 633 769 18 38 



Souice' DeParlm^t of CommerceH Bureau °^ the Census, cfec^nnkai census rePoris and National Resean;h 
council, OoCfOrara R^cfii^nis tfom U.S iJr}ivBr^itie$. annual series 



Table 48. Unemployment rates* 1963-72 







Profe^sionai 








Aif 


a^d scientific 






Year (averages) 




workers 


Scientists 


Engineers 


1963 


5.7 


1.9 




1.2 


1964 


5 J 


1.6 




1.5 


1965 


4.6 


1.5 




1.1 


1966 


3.9 


1.3 


A 


.7 


1967 


37 


13 




.6 


1968 


3.6 


1.2 


.9 


7 


1969 


3.5 


1.3 




.8 


1970 


5,0 


2.0 


1.6 


2.2 


1971 


6.0 


3.0 


2.6 


2.9 


1972 


5.6 


2.4 




2.0 


1st quarter 


6.3 


2.3 




2.8 


2nd quarter 


5.6 


2.3 




2.0 


3rd quarter 


5.6 


2.9 




1.8 


4th quarter 


4.9 


2.1 




1.2 



Soufcs& Deo^nfn^n\ of Labor. 8uJieau of Uabor Sia^rSMcs. periodic f^paits on labor force and Nahonaf 
Science Found a1 ion. UnernPtoVm^rvf Rat^s and f 'J'P/Oym^/if CharaC/errsffC^ fOf ^ci^ntists atift 
£figin^f$. 1971 (NSF 72-3071 



Table 49a. Unemploym^nl rates tor sclenll&ls 
and ercylneerSf by age group* 1971 



Agp group Scientists Engineer^: 

Percent 



Total 


2.6 


3.0 


24 and unoer 


5.5 


5.5 


25-29 


5.3 


33 


30-34 


2.9 


2.2 


35-39 


2.1 


2.2 


40-44 


1.8 


2.7 


45-49 


2J 


2.8 


50-54 


2.0 


3.3 


55-59 


1.8 


^.1 


60-64 


T.S 


4.2 


S6 and over 


2.3 


3.4 



Source National Science FOuntjalrtin, Un^fifoym^nl Rat^s and 
EmptoV"^ent Char^Cfensucs tor Sci$nJist& and Engineers. J97f 
(nSF 72-3071 



Table 49b. Unemployrrient rates lor sclenllsis 
and enplneersr by highest degree, 1971 



Highest degree Scientists Engineers 

Percent 

Total 2.6 3.0 

Doctorate 1.4 1,9 

Masiers 3.7 3.2 

Bachelor^s 3.5 2.8 

Less than bachelor^s 4.1 4.4 



Sou fee National Science Foufidalit^n. UnomQloYmenl ftates and 
(NSF 72-307} 



Table 50* Percent o1 new science and engineering Ph*D/s planning to engage In 'lurther educallon or 
training" or >ostdocloral study/' by 1leld> llftcal years 1960*7^^ 



Fiscaf year of doctorate 



Fiefd of science 


1960 


1961 


^962 


1963 


7964 


7965 


7966 


1967 


1968 


1969 


J 970 


1971 


AM science ar^d 


























engineering 


10.4 


13.1 


14.4 


14,9 


14.6 


15.7 


15 9 


15.7 


15.4 


21.0 


22.2 


23.0 


Physical sciences 


13.3 


18.7 


20.8 


21.5 


21,9 


22.8 


24.6 


24.6 


22.8 


33.S 


35.5 


36.6 


Mathemalics 


7.6 


7.2 


12.1 


8.5 


7.0 


6.6 


6.2 


6.9 


4,5 


S.7 


7.9 


7.1 


Engineering 


3.5 


3.0 


4.1 


6.0 


5.7 


6.0 


5,4 


4.4 


4.6 


7.1 


6.1 


11.0 


Life sciences 


. . . . 16.0 


21.1 


22.4 


23.0 


23.6 


25.7 


26.0 


26.6 


26.4 


35.7 


38.2 


37,0 


Social sciences 


. . . , 5.0 


5.6 


6.1 


6.3 


SB 


7.0 


7.0 


6.6 


6.1 


8.1 


8.1 


7.7 



* Due lo a change n\ ttefmition. 1969 Ihrougn 1971 data are nor WrictiV comparable with earlier years 
Source MatiOoai Rflsearch Council. Oocro^Afe ftecipifints trom u S. Untver^jiie^ annual series. 



Table 51* Median number of years trom baccara ureaVct lo doctorate ot doctorate recipients 
In science and engineering, by 1le|di Itscal years 1960-71 



fiscai year o1 doctorate 



field of science 


1960 


1961 


7962 


7963 


1964 


1965 


1966 


7967 


196B 


1969 


1970 


197 1 


Physical sciences 


6.4 


6.5 


6.4 


6.3 


6.2 


6.3 


6.1 


6.0 


6.1 


6.1 


6.1 


6.2 


Malhematics 


.. 7.2 


7.5 


7.1 


6.6 


6.1 


6.1 


5.8 


6.1 


5.9 


5.9 


6.0 


6.2 


Engineering 


7.4 


7.1 


7.1 


6.9 


7.0 


7.0 


7,0 


7.2 


7.1 


7.0 


6.9 


7.2 


Lile sciences 


6.0 


7.8 


7.7 


7.5 


7.3 


7.3 


7.3 


7.1 


7.1 


ae 


6.5 


6,8 


Social sciences 


8.8 


9.2 


9.1 


8.6 


8.3 


8.0 


7.8 


7.8 


7.8 


7.5 


7.4 


7.2 



Source National Research Councif. Docro^are Rsctpiems from U.S. Untversiues. annual serial. 
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Tabte 53a. Sdenllsis and engineers' employed 
In universities and colleges. 1965-71 
[In thousands) 



Table 52. Number of InstHutlonft d1 hlgber 
edfjcailofi by highest d^ree awarded In science 
and engineering* 1960-61 Xc 1970-71 



Year 


Number of institutions granting— 


Bach6f0f*s 
degrees 


Master's 
degrees 


Doctorate 
degrees 


1960-61 


748 


189 


153 


1961^62 


745 


212 


155 


1982-63 


754 


209 


162 


1963-64 


757 


218 


172 


1964-65 


754 


233 


178 


1965-66 


745 


246 


187 


1966-67 


752 


271 


194 


1967-6S 


746 


281 


m 


1968-69 


756 


292 


206 


1969-70 


764 


295 


220 


1970^71 


NA 


NA 


229 



Source SP^ciai labu^alion by iskttlionai Science Foundation based 
on data provided by i^e U 3, Office ot Education 





Number ernpioyed in instttutior^s granting— 




Bache{or*s 


Master's 


Doctorate 


Year 


degrees 


degrees 


degrees 


1965 . 


20.3 


16.5 


103.5 


1967 . 


20.9 


22.2 


125.2 


1969 . 


22.4 


30.4 


140.2 


1971 . 


24.3 


31.0 


157.3 


' FulMifne eQuivalenrs 






SOurCe 


National Science 


Foundahon. fieSOufCGS 


for Sct&ntittC 




Acrmtws at Universities and CotleQ^s. 


biennial $eries 


Table 53b. ConcenUatlon of scfenttsts and 


engineers^ employed In universities and colleges* 






1965-71 






Percent empioyed in institutior^s granting— 




BaoheiOrs 


Masters 


Doctorate 


Year 


degrees 


degrees 


degrees 


^965 . 


14 


13 


73 


196? . 


12 


13 


74 


1969 . 


12 


16 


73 


1971 . 


11 


15 


74 


■ Full-time eqtiivalQfktS. 






SoufW 


Natkinal Science 


Foundation. Resources 


tOf Saenttfic 



Activities at UntvBfsittes and Colleges. b>enniai senes 



Table 54. Sclenf^ and engineering degrees awarded al baccalaure Mq> 
master's, and doctorate- gran ling Inslttullontt* 
1963-S4 to 1969-70 

Type of institution 

end tevet of degree 1963-64 t965-'J6 1966-69 1969-70 
Ooctorate-grantirig: 

Bachelor's degrees 79.6SO 90.230 1 24.191 139J68 

Master's degrees 25*582 32.450 39,398 40.107 

Ph,D. degrees 8,928 11.298 15*839 17.639 

Master's and bache^or*s: 

Bachelor's degrees^ 34,434 41.962 67.424 69.841 

Bachelor's degrees' 39*216 41.279 52.904 54*513 

Master's degrees 4,320 5*633 9.027 9,211 

' Master's institutions. 

* Bficoalaureaie insULulianS. 

Source Special tabulation by th« National Sc^ce Foundation based On data supplied by the U S Office of 
Education. 
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Table 55. Number o1 Ph.D. degrees awarded kr> sci ?nce and engineering^ 
L'r selected groups o1 Jns1ltu1kons>' 1962-63 1o 1970-71 



OfOUps of instituUons 1962 63 1965-66 J969-70 

All instHUliofis 7.947 M.398 17.639 18,407 

First 20 instiluliona 4.040 5.076 7,024 7.t25 

Second 20 insl^utions 1 650 2,365 3,456 3.645 

Remaining mstitulions 2.284 3^857 7,159 7.697 



' Ranked l^rms of docrorales awarded in each vear 

Source SPiJcini tabuiadon the Mahonal Science Foundation ba5ed on dal^i $uppiied bv "J S Oince oi 
£ducatiQn 



Tabfe 56at Total fulMIme graduate students In science ar>d 
engineering enrolled \t\ selected groups ot doclorate-g ran ting 
inslHuUons. 1962-63 to 1970-71 



Grotjps of inttitotions T962-63 f 965-66 J 969-7Q 1970-71 

All institutioris 69,622 105.190 135.123 1 38.822 

First 20 insti1u1ior»s 29.625 43.185 46.465 45.782 

Second 20 ins1itutior»s 13.792 18.820 24.481 24.769 

Remair»ing Institutions 26.005 43.165 64.177 68.251 

' Ranked tn lermS of ^octorfttes awarded eicu year 

Source Special tabulation tiy rhe Nsttonaf Science Foui?darrcm ba^ad on ^ta suPPi>&d by the US Office of 
Educalton. 



Table 56b. Flrsl-year, lult-llrrie graduate students \n science 
and engineering enrotled in selected groups of doctorate- granting 
insfitutrons/ 1962-63 to 1970-71 



Groups of institutions 


1962-63 


1965-66 


J 969-70 


J 970-77 


All Institutions 


30.695 


47.259 


56.856 


60.358 


First 20 institutions 


11.319 


17.150 


16.039 


17.636 


Second 20 institutions 


5.598 


7.764 


9.716 


10.379 


Remaining institutions , 


13^976 


22.325 


29.101 


32.843 



' flanked in terms Of dociorates awranJed m each Vear 

Source SPecia! tabulation by \t\e Naltooai Science Foondalion toase<i on data suPPiied toy US Office ot 
Education 
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Table 57a. Number of Institutions granting Ph.D. 
degrees In science and englneerlngi by conlroh 
selected years, 1962-63 to 1970-71 



Academic ye^r 


Totai 


Pabfic 


Private 


1962-63 


162 


93 


69 


1963-64 


172 


96 


76 


1965-66 


187 


107 


80 


1966-67 


194 


111 


83 


1969-70 


222 


129 


93 


1970-71 


229 


135 


94 



Soufce Special labuialpOn Dy tne istaiiona) Science Foundation 
based on data supplied by me US Office of EducaiiOn 



Table 57b. Number of Ph.D. degrees awarded In science 
and engineering* by control of Institution^ 
1963-64 to 1970-71 



Academic year Total Pubttc Private 



1963-64 8.926 5.282 3.646 

1965- 66 1 1.298 6.687 4,41 1 

1966- 67 12,759 7.785 4.974 

1967- 66 14.128 8.651 5.277 

1968- 69 15,839 10.114 5.725 

1969- 70 17.639 11-471 6,168 

1970- 71 18,466 12.261 6.205 



Soufce- Special rabuiittion by me Nanonni Science FOiJndAlKin 
bas«d Qri data suPPhed by ihe US OUice oi Eduction 



Table 58. Graduate enrollment by control ot Institution, selected years 

(Thousands] 



Tot at First-year 
graduate erjrofiment graduate enrottment 

Corytrot of 



tryst ttut ion 


/965 


f969 


1970 


^965 


1969 


1970 


Total, all institulions 


226 


264 


266 


109 


112 


115 


Public institutions 


156 


186 


192 


76 


78 


64 


Private institutions 


70 


78 


74 


33 


34 


31 



Source Special labulailon by the Nabcjnal Science Foundation based ^ri daia supplied by (be US. Otftce 
oi Education. 



Tabid 59. Proportion of NSF and NIH' research 
prefect grant funds allocated for permaneni 
laboratory equipment, tiscal years 1966-71 
[Percent] 





Fiscal yBe.r 


NSF 


NfH 


1966 . 




11.2 


11.7 


1967 . 




6.6 


11.8 


1968 . 




7.5 


9.5 


1969 . 




7.0 


7.5 


1970 




6.0 


5.9 


1971 , 




6.1 


NA 



includes National Institute or General Medical Sciences and Nauonai 

and LunQ ln$titu\e. 
Souroe- National Science Foundaltoo from unpublished data 
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Table 60. Peraeni dlifr:buflon of f^3F remrcti profct «upPort» by 
type of expendllur«, fitcal year* 1964-72 



ftscai year 

TyPe of e x pendttures i96 4 i965 ^966 1967 i96fl r969 ^970 lori i972 
Toial (millions of 

dollars).... *113_:$l20_ Sl57 3^58 $171 $i76 Sl62 Sl75 S242 

Percent dtstnbotton 



Total, salaries and 
wages 54 54 52 

Research associates/ 
assistants salaries 

and w/ages 22 23 23 



53 


52 


52 


51 


52 


22 


22 


21 


19 


21 


15 


15 


13 


14 


13 


21 


22 


22 


22 


22 


12 


11 


12 


13 


12 



Equipment' 


20 


19 


16 


16 


Indirect costs . . . 


16 


15 


17 


20 


Other costs 


10 


12 


13 





■ Peffn3n«or and **pendabie eQuiPrhent 

source ^Jallorlal Sci«nC« FOnnd^lion from unOuMr^r^ djtta 



Table 61'- Federal obligations for n&Q planL 
fiscal years 1963*71 

[DoJrars i^ (niU\ons] 



fiscai year 


Current 
do//ars 


COrtS(an/ 1961 
do//afS' 


1963 


$105.9 


$99.6 


1964 


100.6 


926 


1965 


126 2 


n2.3 


1966 


114.6 


96.B 


1967 


111.3 


91.3 


1968 


P6,1 


75.7 


1969 


54.5 


40.9 


1970 


44,B 


31.9 


1971 


29.9 


ao.1 



'Based on Bcad&rr^iC f^&D pric« deflator 

Source ^^atJo^^J Sci*i>C* foundatfOn. ffidSfBi SvPPOrt to Uniw^S;- 
rr^. Co»^s. ana So/acretr NonProut tn&MtiUOns. Ftsat 
Y9ar 1971 tNSf 73*3001. 



Tatile 61b. Federal obligations lor academic 
n&D p'ant as a percefil of Federal obligations 
for academfc sclencot fiscal years 
1963-71 





Totat Federaf 






ot)ligatton% hr 


Percent share 




academic ^c fence 


for academic 


Year 


idotiar^ in lyiUions) 


fl4D P^am 


1963 


$1,326.5 


6.0 


1964 


1,526.6 


6.6 


1965 


1.616 2 


7.0 


1966 


2.163.5 


5.3 


1967 


2,323,6 


4.6 


1968 


2.349.6 


4.1 


1969 


2.361 4 


23 


1970 


2.167.9 


2.1 


1971 


2,335.9 


1.3 



Sogfce Naiionai Scwnce Foundation, Fvat^rat SvoPort to Uni^^fn* 
Cotfe^s. *fta StfrtcTtftf Nonprottf m$h?{jhor>s. Ftsc9t 
YPif J97J (NSF= 73*300) 
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T«ble 62o. Federal obllgailons lor Inlramural 
R&D penormance* liflcal years 
1961-72 

fOoflars in miinons] 





Current 


Constant 195B 


Ft&cat yoar 


doifafs 


dottars' 


1961 


$1^74 


$1,800 


1962 


2.098 


1.994 


1963 


2.279 


2.142 


1964 .... 


2.838 


2.630 


1965 


3.093 


2.814 


1966 


3.222 


2.874 


1967 


3.395 


2.934 


1965 


3.495 


2.916 


1969 


3.498 


2.798 


1970 


3.876 


2.941 


1971 


4.166 


3.006 


1972 (esi) 


4.500 


3.136 



' ONP PfiCe dflflalO/ was u$«d ro COrnnjft cu/renl to conslant tJollars 
Source NAriOnal Science FaundatiOn, federal FunOs tor fteseatcfi. 



Table 62b. Federal Intramural RftD fund« as a share ol nailonal and Federal 
RftD lolals, 1960-72 

(Ootlars m mtlNons) 



Year 


Federat MO 


Natiooaf MO 


Foderaf intramuraf R&O as 
a percmt ol: 

Federal R&O Nrtionat R&O 


1960 


. . $ 7.552 


$13,730 


23 


13 


1961 


91)59 


14.552 


21 


13 


1962 


10.290 


15.665 


20 


13 


1963 


12.495 


17.371 


18 


13 


1964 


, . 14.225 


19.214 


20 


15 


1965 


14.614 


20.439 


21 


15 


1966 


15,320 


22.266 


2T 


14 


1967 


16.5?9 


23.612 


21 


14 


1968 


1.S.921 


25.119 


22 


14 


1969 


15.637 


26.176 


22 


13 


1970 


15.330 


26.695 


25 


15 


1971 


15.550 


27.320 


27 


15 


1972 (est.) 


16.821 


28.940 


27 


16 



Soufce Mational Science FOuntlariOn. NatiOnat Panvms of R&O ftesourc^s. )^S3-73 (MSF 73-303) and 
Fvder^t funds for fte$«irch. O^lopfriani. antJ Ott>9f SctOntitic AcriVi\te^ VOI XXI (MSF 72-017) 



Table 63. Federal obligations lor Intramural R&D performancei by agency, 
fiscal years 1961-72 

[DoMars m n)\iUons] 

1972 

Agency 1961 1962 1963 1964 1965 1966 i96 7 19 68 1969 1970 1971 fesf.J 

TotaJ $1,874 $2>098 $2,279 $2,838 $3,093 $3,222 $3,396 $3,493 $3>498 $3X76 $4,166 $4,500 

Department of Defense 1.331 1.468 1435 l.6l5 1.647 1.720 1.890 1.951 1.867 1.996 2.201 2.418 

National Aeronautics and 

Space Administration 179 213 381 706 863 872 8l3 791 821 988 909 9l2 

Department of Health. Education. 

and Welfare 97 l2l 132 150 I6l 182 204 222 243 247 298 334 

Department of Apricuiture . . , . 104 109 118 130 153 164 175 182 190 208 227 251 
Department of tt>e 

Interior 62 68 72 73 82 94 109 116 123 100 112 127 

Department of Commerce . , . . 29 32 39 43 46 42 49 5 5 58 88 9'^ 109 
Department of 

Transportation 41 45 52 54 64 iOl 111 

National Science 

Foundation 5 7 12 13 14 13 12 12 15 14 19 19 

Atomic Energy 

Commission 19 19 14 22 31 20 15 17 17 i6 17 15 

Allott>er 48 62 77 87 97 74 84 96 110 1 53 1 90 212 

Source NaiiO<^ai Science Foundation, Feti^rai Fontis for Htf^&srcf\r Devetopmeot. snti Olh&f Sa&nUfiC AclmTieSr vol. XXi fNSF 72-317] 



Table 64. Federal obligations lor Intramural performance^ by cfiaracter of work, fKcal year^ 196f-72 

[Dollars in millions] 



Current doUars Constant 19Q8 dotlars' 



Research Research 



Year 


R&O 


Basic 


AoQlisd 


Oeveiop* 
ment 


tt&D 


Basic 


Appfied 


Oeveiop- 
ment 


1961 


$1,874 


$206 


$ 634 


$1,034 


$1,800 


$198 


$609 


$ 993 


1962 


2.098 


251 


702 


1,145 


1.994 


239 


667 


1.088 


1963 


2>279 


299 


730 


t.250 


2.142 


281 


686 


1.175 


1964 


2.838 


364 


928 


K5-*0 


2.630 


337 


86C 


1.433 


1965 


3.093 


424 


1.030 


1.630 


2.814 


386 


937 


1.491 


1966 


3.222 


449 


t.045 


1.728 


2,874 


401 


932 


1.541 


1967 


3.395 


478 


1.095 


1.822 


2.934 


413 


946 


1.575 


1968 


3.493 


512 


1.199 


1J82 


2.916 


427 


1.001 


1.487 


1969 


3.498 


577 


1.195 


1.736 


2.798 


462 


956 


1.381 


1970 


3.876 


658 


1.375 


1.343 


2.941 


499 


1.043 


1.398 


1971 


4.166 


535 


1.499 


2J32 


3.006 


366 


1.062 


1.538 


1972 (est.) 


4.500 


578 


1.594 


2.337 


3.136 


402 


1.108 


1.625 



■ GNP pr*n ttefldtor^BS used to cOrwert current 10 COnStanl dOliarS- 

S/Torc«. rstalionai Science FoundaMon, rttf^«/fufttf* fo/ flesearch. Dev^topmofit. and Other Sctenutrc Ac\iviti0^, Vol. XXI {NSF 7a-3i7j 
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Tabl€ 65h Percent distribution of industrial 
RAD scientists and engineers,' by compan/ size, 
1957-71 



Tola/ R^D Compan/ e s wiih— 

sctBnttsts Less than hOOO- 5M0 
and 1,000 4,999 or more 
Year engineers emptoyees emptoyses emp/o/ees 



1957 


229.400 


19 5 


9.8 


70,7 


1958 


243.800 


20,0 


9,8 


70.1 


t959 


268.400 


14.8 


10.1 


75,1 


1960 .. 


292.000 


13.4 


10.2 


76.4 


1961 .. 


312.100 


13.5 


10.9 


75.6 


1962 


31 2.000 


11.7 


11.3 


77.0 


1963 


327.300 


10.4 


10.7 


78.9 


196^ 


340.200 


9.6 


fO.1 


S0.3 


1965 


. 343.600 


9.4 


9.3 


81.2 


1966 


353.200 


8.5 


8.5 


83.0 


1967 


367.200 


7.5 


8.3 


84.2 


1968 


376.700 


7.2 


7.9 


84.9 


1969 


387.100 


7.0 


7,3 


85,7 


1970 


384.100 


6.5 


8,2 


85.3 


1971 


. 359.300 


6.2 


6.7 


85.1 



' Full. time equivalents 

Source Motional Science foundaiton. fiBie$fcfi ^"tf Osv&tof^srti 



Table intensiveness of U.S. industry, 1960-70 







Funds for RS^D 




R^D scientists and 






performancs 


R^Das 


enQirteers* 






(mitfions of 


percent of 




Per 1.000 




year 


doitars) 


net safes 


Number 


empioyees 


1960 . 




$10,509 


4.2 


292.000 


25 


1961 . 




10.908 


4.3 


312.100 


28 


1962 . 




11.464 


4.3 


312.000 


28 


1963 . 




12.630 


4.5 


327.300 


28 


1964 . 




J3.512 


4.6 


340.200 


30 


1965 ■ 




14.185 


4.3 


343.600 


30 


1966 . 




15.548 


4.2 


353,200 


27 


1967 . 




16.385 


4.2 


367.200 


27 


1968 . 




17.429 


4.0 


376.700 


26 


1969 . 




18.318 


4.0 


387.100 


26 


1970 . 




17.858 


3.8 


384.100 


24 



■ FuM.time «qui^alBntS 

Source National Science Foundation. Research ^niS Oeveiopment industry. 1970 <NSF 72-309J 



Table 67. R^o ^ntensiveness of groups of manufacturing industrfest 

1960-70 



Group f Gfoup U Group lit 

MO funds (in mitllons) 







Percent of 




Percent of 




Percent of 


Year 


Total 


net sa/es 


Total 


nef sales 


Totat 


net sates 


1960 


$ 8.304 


10,0 


$1h534 


1.8 


$385 


0.6 


1961 


B16IO 


9.6 


1i597 


2,0 


401 


.6 


1962 


9,079 


9.6 


1h692 


1.9 


395 


.6 


1963 


10.059 


10.2 


1.816 


2.0 


423 


.6 


1964 


10.682 


10.7 


2.003 


2.0 


451 


.6 


1965 


11.167 


10.4 


2.085 


1,8 


491 


.6 


1 ybo 


to oon 


9.5 


2.229 


1.8 


3 J r 


.0 


1967 


12>886 


8.8 


2.692 


1.9 


561 


,5 


1968 


13.579 


8.2 


2.956 


1.9 


591 


,6 


1969 


14.192 


8.3 


3.108 


1.9 


648 


,6 


1970 


13.731 


8.0 


2.950 


2.0 


668 


,6 






R^O scientists and engineers 










Per 1.000 




Per 1.000 




Per tOOO 




Nurriber 


employees 


Number 


empioyses 


Number 


employees 


1960 


222700 


482 


39.700 


15.2 


15h700 


5.6 


1961 


238.800 


50,4 


45.800 


17.6 


16.300 


5.2 


1962 


239.500 


48.2 


46.600 


17.2 


14.600 


5.6 


1963 


255.600 


51.6 


46.400 


16.6 


14.300 


5.0 


1964 


265.100 


54.2 


48.900 


16.6 


14.700 


5.2 


1965 


266.200 


53.6 


50>300 


16.4 


15.400 


5.2 


1966 


272.600 


47.4 


51>000 


16.0 


15.800 


5.0 


1967 


282.700 


45.6 


52.000 


16,6 


16>700 


5.0 


1966 


290.000 


44.4 


52.300 


15,8 


17>500 


5.2 


1969 


296.500 


42.6 


55.000 


16,2 


16.300 


5.6 


1970 


291h3D0 


42.0 


55,200 


16.0 


16.900 


5.2 


Source NaliOnal Science FOundalKsn. RssvarCti ^nd De^siopment industfY. i970. ^NSF 72-309>. 



Table 6a Rao mtensiveness in manufacturing industries^ 
by company size^ 1967-70 



1967 1970 



Funds for R^O 

Size of company Amount Amount 
(number ot em- (milf*^ns of Percent of {miiiions of Percent of 
pioyees) dollars) net sales dollars) net sales 

Less than LOOO $ 687 1.7 N,A. N,A. 

1.000-4.999 1h017 1.7 N.A. N,A. 

5.000-9.999 692 2.1 $ 1.077 2,2 

IOhOOO or more 13h790 5.2 14h890 4.5 

R&O scientists and engineers 

Per hOOO Per 1.000 

Number employees Number employees 

Less than 1.000 27.400 26 N.A. N.A. 

1.000-4.999 30.500 16 N,A. N.A, 

5.000-9.999 24.000 16 26.500 16 

10.000 or more 285.300 30 299.100 26 



Sourca: National Science Foundation, f^^srcti »nd O&ifBtoPment m tnctustry. l9Ta (NSF 72-309). 
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ERIC 



Delphi Panelists 



Philip H. Abelson 
President 

Carnegie Institution of 
Washington 

William C. Ackermann 
Chief 

Illinois State Water Survey 

Robert M. Adams 

Vic*? President, Research 

and Development 
3M Center 

Richard A. Askey 
Department of Mathematics 
University of Wisconsin 

Eric Baer 

Heady Division of Macromolecular 

Science 
Case Western Reserve 

University 

Malcolm R^ Beasley 
Division of Engineering and 

* pplied Physics 
Harvard University 

D. Allan Bromley 
Director, Wright Nuclear 

Structure Laboratory 
Yale University 

Harvey Brooks 
National Science Board 
Dean of Engineering and 

Applied Physics 
Harvard University 

Arthur M. Bueche 
Vke President, Research 

and Development 
General Electric Company 

Theodore Cairns 
Director, Central Research 
Department 

E. 1. Du Pont de Nemours 
&. Company 



Melvin Calvin 
Laboratory of Chemical 

Biodynamics 
University of California, 

Berkeley 



Richard A. Carpenter 
Commission on Natural Resources 
National Academy of Sciences 
National Research Council 

H, E. Carter 

Chairman, National Science 
Board 

Coordinator, Interdisciplinary 

Programs 
University of Arizona 

David R. Challoner 

Assistant Chairman, Department 

of Medicine 
Indiana University Medical 

Center 

Robert A. Charpie 
National Science Board 
President 

Cabot Corporation 

Adolth S. Clausi 

Vice President, Director 

of Corporation Research 
General Foods, Technical 

Center 

Lloyd M. Cooke 
National Science Board 
Director of Urban Affairs 
Union Carbide Corporation 

H. Richard Crane 
Physics Department 
University of Michigan 

John P, Crecine 

Director, Institute of Public 

Policy Studies 
University of Michigan 



Arnold E. Denton 

Vice Presidents Technical 

Administration 
Campbell Soup Company 

Robert H, Dicke 
National Science Board 
Departnr\ent of Physics 
Princeton University 

Harry Eagle 

Department of Cell Biology 
Albert Einstein College of 
Medicine 

Amitai Etzioni 
Department of Sociology 
Columbia University 

William A. Fowler 
National Science Board 
W. Kellogg Radiation 

Laboratory 
California Institute of 

Technology 

Jacob E. Goldman 
Senior Vice President 
Research and Development 
Xerox Corporation 

Herbert S,Gutowsky 
Director, School of Chemical 

Sciences 
University of Illinois 

Norman Hackerman 
National Science Board 
President 

William Marsch Rice 
University 

George S, Hammond 
Chairman, Division of Chemistry 

and Chemica] Engineering 
Gates and Crellin Laboratories 

of Chemistry 
California Institute of 

Technology 

Philip Handler 
National Science Board 
President 

National Academy of Sciences 



David M. Hegsted 
Department of Nutrition 
Harvard School of Public 
Health 

Roger W, Heyns 
National Science Board 
President 

American Council on Education 

Robert A, Hjeilming 
National Radio Astronomy 

Observatory 
Charlottesville, Virginia 

J. Herbert Hollomon 
Director. Center fot^ Policy 

Alternatives 
Massachusetts Institute of 

Technology 

W. N. Hubbard 
Vice President and 
General Manager 
Pharmaceutical Division 
The Upjohn Company 

Charles F, Jones 
Vice Chairman of the Board 
Humble Oil and Refining 
Com pany 

Thomas F, Jones 
President 

University of South Carolina 
Mark Kac 

Chairman, Department of 

Mathematics 
Rockefeller University 

Carl Kaysen 
Director/ Institute for 

Advanced Study 
Princeton University 

Bostwick H. Ketchum 
Associate Director 
Woods Hole Oceanographic 
Institution 

C, Judson King, III 
Department of Chemical 

Engineering 
University of California^ 

Berkeley 



Dciniel KoshLind 
Dep.irtment of Biochemieiry 
University of California, 
Berkeley 

Joshu.i Lederber^^ 
Deportment of Genetics 
SMnford University School of 
Medicine 

William K. Linvill 
Executive Chairman 
Dep*irtnient of Engineering- 
Economics Systems 
Stanford University 

J. Ross MacDonald 
Vice President 

Texas Instruments Incorporated 

H. T, Marcy 

Director of Technolo>;y 

IBM Corporation 



Donald G Marquis 
Slo^n Scliool of Management 
Massachusetts Institute of 
Technology 

Brian J- McCarthy 
Department of Biochemistry 

and Biophysics 
University of California, 

San Francisco 

Joseph L. McCarthy 

Dean of the Graduate School 

University of Washington 

Henry Merkelo 
Department of Electrical 

Engineering 
University of Illinois 

Neal E. Miller 
Department of Psychology 
Rockefeller University 

Leroy S. Moody 

Manager, Strategic Planning 

Operations 
Corporate Research and 

Development 
General Electric Company 



Robert S. Morison 

Program on Science. Technology 

and Society 
Cornell University 

Richard Nelson 
Economic Growth Center 
Yale University 

William Nordhaus 
Department of Economics 
Yale University 

A. Geoffrey Norman 

Vice President for Research 

University of Michigan 

Donald E. Osterbrock 
Department of Astronomy 
University of Wisconsin 

Merton ). Peck 
Department of Economics 
Yale University 

John R. Pierce 
Department of Electrical 

Engineering 
California Institute of 

Technology 

Don K. Price 

Dean of the Faculty of Public 

Administration 
John Fitzgerald Kennedy School 

of Government 
Harvard University 

Simon Ramo 

Vice Chairman of the Board 
TRW Incorporated 

Joseph M. Reynolds 

National Science Board 

Vice President for Instruction 

and Research 
Louisiana State University 

Rustum Roy 

Director, Materials Research 

Laboratory 
Pennsylvania State University 

John A- Rupley 
Department of Chemistry 
University of Arizona 



James A. Shannon 

Professnr and Special Assistant 

to the President 
Rockefeller University 

Jerome Singer 

Associate Dean of the Cradudtc 

School 
SUNY 

Charles Slichter 
Professor of Physics 
University of Illinois 

Frederick E. Smith 
National Science Board 
Graduate School of Design 
Harvard University 

Robert Solow 
Department of Economics 
Massachusetts Institute of 
Technology 

Stephen H- Spurr 
President 

University of Texas 
at Austin 

Chauncey Starr 
Dean of Engineering 
University of California 

Richard H. Sullivan 
Assistant to the President 
Carnegie Corporation of 
New York 

Gerald F. T-ape 
President 

Associated Universities, Inc. 



F. P. Thieme 
National Scien<:e Board 
President 

University of Colorado 

John R. Thom<is 
Presid ent 

<rhcvrt>n Research Company 
Max Tishler 

Department of Chemistry 
Wesleyan University 

Alvin Weinberg 
Di rector 

Oak Ridge National 
Laboratory 

Steven Weinberg 
Department of Physics 
Massachusetts Institute of 
Technology 

W. C. Wescoe 
Senior Vice President, 

Medical Affairs 
Sterling Drug Company 

Gilbert F. White 
Director, Institute of 
Behavioral Science 
University of Colorado 

John T. Wilson 
Provost 

University of Chicago 

Richard N. 2are 
Department of Chemistry 
Columbia University 
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